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INTRODUCTION. 

This investigation has been undertaken with a three-fold purpose 
in view, as follows: 

First, to develop a practicable mathematical solution of the 
stresses in tall buildings with portal bracing for all types of loadings, 
and, by its application, to determine the principal errors which 
exist in present methods of design. 

Second, to endeavor by experiment on an existing structure to 
find by actual measurement the distribution and amount of stresses 
and distortions due to wind pressures, the only loading which can 
be practically varied on such a structure. 

Third, to give in a final chapter a full and definite resum6 of all 
findings and suggestions for designers as derived therefrom, so as 
to make the results of the investigation of value to the practicing 
engineer or architect without wasting his time in perusal of the 
body of the investigation, a proceeding which would, it is believed, 
be a discouraging one for a man who has been too busy in practical 
work to follow up closely a mathematical discussion. 

This investigation consists, then, of a series of mathematical 
demonstrations, followed by an extensive series of applications and 
comparisons, and, finally, what is believed to be some very valuable 
conclusions offered in the last chapter, with references to the chap- 
ters from which the conclusions are drawn in case more detailed 
information is desired. Results have been shown graphically as 
far as possible, in addition to giving the actual tabular values. It 
is believed the investigation will be equally of value to the practical 
as well as to the theoretical man. 

The mathematical treatment is based on an entirely elastic 
structure with what is believed to be an entire freedom from 
erroneous or doubtful assumptions. 

This study has been made possible through the generosity of the 
late Professor Stillman W. Robinson, who established at the Ohio 
State University the Stillman W. Robinson Fellowship in Engi- 
neering. The writer has, during the years 1909-11, endeavored to 
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carry out the purpose Professor Robinson had in view in estab- 
lishing the fellowship and now takes great pleasure in presenting 
to the Ohio State University and, through this institution, to the 
engineering profession generally, the results of a careful and diligent 
study of the stresses in tall buildings. 

Acknowledgments are made and the author's sincere thanks 
extended as follows: 

To the Ohio State University for financing the investigation. 

To the Robinson Fellowship Committee for interest shown and 
advice given. 

To Professor C. T. Morris, professor of structural engineering, 
for the interest shown, and advice and suggestions given throughout 
the work. 

To Mr. J. Warren Smith, Section Director of the U. S. Weather 
Bureau. 

To Mr. Frank L. Packard, architect, and his engineer, Mr. E. F. 
Babbitt, for furnishing plans and data. 

To Mr. A. L. Fisher, superintendent of the structure used for 
the experiments. 

Many others have, by suggestions and minor aid, been of as- 
sistance, and thanks are hereby extended to them collectively. 

Cyrus A. Melick. 
Columbus, Ohio, 
June, 1911. 
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NOTATION. 

The following symbols are used throughout this investigation 

with the designations here given except in cases where there can 

be no confusion and in such cases a note is made of the exception. 
Subscripts used in connection with the symbols below or any 

other symbols given later on always designate the floor in which 

the quantity occurs unless otherwise noted. 

Exponents used in connection with the symbols below or any 

other symbols given later on always designate the member to 

which the symbol applies or the expression or equation in which it 

occurs unless otherwise noted. Thus /^ represents the moment of 

inertia of the third floor section of column A. 

All the following quantities are in inch and pound units. 

I = moment of inertia. 

A = area of cross section. 

E = modulus of elasticity. 

b ' = distance center to center of columns. 

c = story height measured between centers of gravity of girder 
flanges. 

d = depth of floor girder, center to center of gravity of flanges. 

V = axial compressive stress in a column. 
H = axial compressive stress in a floqr girder. 
5" = horizontal shear across a column section. 
M = bending moment at foot of a column section (x = o). 
5 = axial unit stress. 

s' =■ extreme fibre unit stress from bending only. 
/ = resultant extreme fibre unit stress. 
r = minimum radius of gyration. 

V =■ distance from neutral axis of column to the extreme fibre. 
W = total load on any floor girder (considered as uniform). 
IV = floor load per lineal inch of girder. 

p = concentrated load applied directly or indirectly to a column. 

F = concentrated wind pressure for one story — considered as 

applied to the building at mid depth of the floor girders. 

Vll 
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Types of Tall Building Construction. 3 

of this class are statically determinate and the ease with which 
stresses may be computed and the design facilitated make this class 
a desirable structure. However, the diagonal bracing required 
imposes the condition that a comparatively thick partition be placed 
in the plane of the bracing for cover and protection of the steel. 
In the ordinary office building this condition divides the floor surface 
into sets of box-like suites, usually of the same shape and size. 
No large opening, no freedom in the selection of a position for an 
opening or corridor — in short, no effective architectural medium — 
can be used for joining adjacent suites through such a partition. 
Usually the doors must be small and either squarely in the center 
of a panel or on one side, according to the type of diagonal bracing 
used. Corridors must either extend along the wall, thus cutting off 
a great deal of window light from the offices, or down the center of 
a panel, creating a row of offices on each side of the hall. These 
limitations would often result in very shallow offices and sometimes 
in no direct communication between suites. By referring to Fig. i , a, 
it will be seen that, from an architectural standpoint, single rigid 
diagonal bracing is preferable to the intersection systems of tension 
bars. 

In practice the diagonal members frequently can not be designed 
so as to have the gravity axes of columns, girders and diagonal 
members meet in a common point and there result some bending 
stresses in the columns and girders. These are usually small and 
frequently neglected in the calculations. The floor girders in this 
class of buildings are usually shallow and, though the connections 
are riveted, they can not be said to be rigidly connected to the 
columns because the flanges are but very meagrely connected. In 
all calculations it is sufficiently accurate to consider them as con- 
nected to the columns by pins. The bending moments in the 
columns and girders, due to whatever rigidity these connections 
may have is thus neglected. As will appear from a later part of 
this investigation these stresses are certainly comparatively small. 
Buildings of Class A will receive but small consideration in the 
following pages. 

Class B Buildings. — ^There are several styles of bracing used 
in this class of buildings; these are best comprehended by referring 
to Fig. I, b. 
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"Panel i" illustrates plain plate girder portal bracing in which 
the girders are made as deep as the design will permit and, as will 
be noticed, are rigidly fastened to the columns. This can only be 
accomplished by properly connecting the flange angles as well as the 
web to the column. This requirement is very rarely fulfilled in 
practice, because the large bending moments at connections require 
so many rivets to connect the flange angles that an extension of the 
web of the column is necessary to make the connections properly 
and this type of connection is difficult to make in the field. Panels 
2, 3, and 4 show the common but very unsatisfactory method of 
making these connections. 

''Panel 2'* illustrates a type of bracing which has been employed 
to some extent. It consists of a solid web plate, out of which the 
arches' opening is deducted, stiffened by angles bent to the curve 
of the opening. The bracing is field riveted by means of connection 
angles to the flanges of the columns and girders. This type of 
bracing is not so simple of analysis as plate girder portal bracing, it 
does not transfer stress directly to the neutral axes of columns and 
girders as a proper design should do, and the resistance of the girder 
connection itself is usually neglected in the calculations. This is 
not an economical form of bracing and has the added fault that 
some of the rivets in the connections are stressed in tension on the 
rivet heads. 

"Panel 3'' illustrates full knee braced plate girder portal bracing 
and this type, when the girders are properly connected, is un- 
doubtedly the best and most economical of all types of portal brac- 
ing. The knee bracing may be merely one or two angles or, pre- 
ferably, one or two angles and a solid triangular web as shown. 
In general no appreciable advantage is gained by making top and 
bottom knees of different depths. The knees should not be deep, 
as, in such case, the bottom knees will materially interfere with 
the floor space. 

"Panel 4*' is the same as "Panel 3" except for the omission of 
the bottom knees. Very heavy knees must here be used if any 
appreciable reduction in the bending stress at the foot of the 
column is to be effected. 

The above statements concerning knee bracing will be fully 
verified in this investigation. 
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The arrangement of portal bracing, in plan, may be best discussed 
by reference to Fig. 2. Evidently sections AB and // are stiffened 




very materially by the rear and front walls respectively, while 
section EF has nothing to stiffen it but light partitions and even 
these are usually very much cut up by openings for doors, light, etc., 
and are subject to removal at any time. Therefore, if wind bracing 
is to be provided at section EF it should be stronger than that 
which is provided at sections AB and // irrespective of the fact 
that it gets twice as much wind load. If no bracing is placed in 
sections CD and GH then the wind coming to these sections must 
reach sections AB, EF, and // by being transferred through the 
floors alone, at each floor level. The girders on sections CD and 
GHy in such a case, need only be designed for floor loads and con- 
nected to the columns by ordinary methods and thus may well 
be considered as having hinged connections. It does not seem likely 
that the columns on these sections can receive any appreciable wind 
stress, either axial or bending. The other girders must be designed 
to act as wind bracing, in addition to supporting the floor, and the 
connecting columns must be proportioned for both axial and 
bending stresses from wind. The proper selection of sections for 
the economical disposition of wind bracing must remain a matter 
of judgment. 



CHAPTER II. 

DESIGN OF PORTAL BRACED BUILDINGS — RIGID GIRDERS. 

This chapter is devoted to the design of plain, plate girder portal 
braced structures. A simple modification of the methods here 
given, required when knee braces are used, is given in Chapter XII. 

General Method. 

The following assumptions are involved in this discussion : 

(a) That the floor-girders are absolutely rigid, i. ^., that they 
neither bend nor change in length when subjected to stress. As- 
suming the girders to be properly connected to the columns, this 
assumption implies that the columns are straight for the full depth 
of the girders and that all columns at floor levels have the same 
slopes and lateral deflections. 

(b) The columns are assumed to bend under the action of lateral 
forces, but not to be affected in length by axial stresses. This 
implies that floor girders will always be horizontal and the columns 
vertical at floor levels 

(c) That the columns at their anchorages will always be main- 
tained in a fixed vertical direction. 

(d) That the elastic limit of the material will never be exceeded. 

(e) That the column material shall be uniform throughout the 
structure. 

(/) The increase of bending moment leverage due to the deflec- 
tion of the columns is neglected. 

(g) That the distribution of axial unit stresses among the several 
columns will be the same as if the building were considered as 
a solid beam, i. e.^ that these unit stresses will vary directly as the 
distance from a neutral axis. 

It is evident at a glance how impossible are assumptions a and b, 
and what a serious disagreement exists between these assumptions 
and assumption g. Nevertheless, the method based on these as- 
sumptions will, in later chapters, be shown to be sufficiently reliable 

6 
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for taking care of wind pressures (with a slight exception) and the 
simplicity of the method has been the^factor in commending it to 
the engineering profession. 

Sloees, Bending Stresses and Deflections of Columns. 

Referring to Fig. 3, 6, which is a general figure for any column 
section in the building: 

At any point P = (x, y) on the elastic line of the column section 
there exists a bending moment = M — Sx — Vy which, when the 
small term Vy is neglected, becomes M — Sx. 

It is shown by the differential calculus that, sufficiently accurate 
for the purpose, the radius of curvature of the elastic line at any 
point is expressed as the reciprocal of (Py/dx^ at that point. From 
this and the experimentally verified principle that stress and the 
accompanying deformations are proportional within the elastic 
limit, it is further shown in mechanics that EI((Py/dx^) = the bending 
moment at P. / will not vary in the distance; c and E is constant. 

The differential equation of the elastic line of the column section 

is then written 

^a'y MS 
E — ^ = X 

It will be noticed that the origin of coordinates is at the foot of the 
column section whose length is c. Integrating the above expression 
it is found that 

dy M S 

dx I 2I 

where if is a constant of integration. Integrating this expression 
it is found that 

Ey = —.x^ - ^jc3 + Kx + K' 
. 2I 61 

where K' is also a constant of integration. But dy/dx = o when 
jc = o, hence K = o and therefore 

^dx" I^ 2l^' 
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Also 3^ = o when re = o, hence K' = o and therefore 

But dyjdx = o when ac = c, hence M = S {c/2) and therefore CF, the 
point of contra-flexurCf always occurs at mid height regardless of type 
or amount of loading. 

Substituting the value of M, just found, in the equation of the 
elastic line the equation becomes 

S 
Ey = — (scx^ - 2x«) 

or, letting x = kc where ^ is a decimal fraction, 

By assigning to k values varying from o to i, the shape of the 

elastic line is determined and this curve is shown in Fig. 3c. The 

shape of the curve is the same for all column sections in the building, 

the amount of the deflection being proportional to Sc^/I, The 

light straight line shown in Fig. 3c suggests a quick approximate 

method for constructing these curves, the major part of the curve 

being nearly straight. 

When 

Sc^ 

but, since the girders are rigid * 

(Fig. 3, a). Hence 

5^6^ 5V 5^6^ 5^6^ 



or 



12/^ 12/^ I2i^ 12/^ 

JA - JB - JC - JD 



or 



JA^ - - JA^ - - -p 



CB _ CA . CC _ CA . CD _ Cil 

O — O TA'*^ ""•^ I-A'"^ ""^ TA- 
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Now 5^ + 5^ + 5^ + 5^ = SF, the total wind shear on a section 
of the building cutting columns -4, J5, C, and D. Therefore, 
substituting the above values of 5^, 5^, and 5^ and solving, 

OA I y j;^ 

^ I^ + I^ + I'' + 1''^^ 

and therefore 

JB JC 

CB __ y 77. qC y 17 

and 

S"" = JA _^ JB_^ JC _^ JD^P' 

It must now be clear that the bending moment in a column, by 

this theory is entirely independent of both floor and eccentric 

column loads, depending entirely on lateral or wind forces, and that 

this moment is maximum and equal at the two extremities of each 

column section and at these points amounts to S(c/2). Also, since 

XF and I"^ + I^ + I^ + I^ are constant for any given story the 

shears and maximum moments in the several columns are directly 

proportional to the moments of inertia of the several respective 

columns. 

Axial Stresses in Columns. 

It has often been suggested that a building under the action of 
wind pressure acts like a solid beam. Referring to Fig. 4, a, let 
NA be the neutral axis of the structure shown, in accordance with 
the beam theory and let 5 be the unit axial compressive stress at 
units distance to the right of NA — due to flexure alone. 

Now, passing a horizontal section ''mm** through the points of 
contra-flexure of the columns, suppose there exists at P (Fig. 4a) 
a clockwise external bending moment X due to forces of any nature 
acting on the upper part of the structure cut by **mm.** If any 
or all of the load producing this bending moment X is vertical, the 
resultant unit axial stresses in the columns will be represented by 
Fig. 4, ft, as the quantities AA\ BB\ CC\ DD', and EE'. The unit 
stresses shown in heavy lines and marked s^, s^, s^, 5^, and s' are 
the stresses due to the bending moment X alone, while the unit 
stresses A A" = BB" = CC" = DD" = EE" are due to the effect 
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II 



the vertical load would have if concentrated at the neutral axis. 
If Y represents the amount of this vertical load and the unit stress 
A A" be represented by P, then 



or 



P{A^ +A^ + A^ + A'' + A^) = Y 



^ A^+A^ + A'^ + A^' + A'' 



It must be evident from this equation that the '*beam assump- 
tion" will not hold for vertical loads, for 




Suppose a heavy concentrated load placed vertically over P 
(Fig. 4, a), Columns -4, B, C, D, and E would, by this theory, settle 
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equal amounts under the load and receive the same unit stress. 
Considering the very small size of this settlement an engineer would 
not be justified in estimating any of this load to be carried through 
the girders to columns A, D, or E, but should estimate it all as 
going to columns B and C. However, since buildings are usually 
designed for constant uniform loads covering the entire floor and 
since the areas -4, of the columns, are estimated roughly on the 
basis of a constant value of p for any floor, the above method would 
not differ widely, as a rule, from more practical methods. It is 
not the purpose of this chapter to give the suggestions and methods 
resulting from this investigation (see Chapter XVI), but rather to 
develop and apply a consistent theory based on rigidity of floor 
girders. 

Referring now to the unit stresses due to the bending moment X 
alone, these stresses may be written 

s^ = - h^s\ s^ = - h^s; s^ = h^s; 5^ = h^'s; s^ = h^s, 

since the unit stress from flexure on a beam is zero at the neutral 
axis and varies directly as the distance from the neutral axis. The 
sum of all of the total column stresses due to X must equal zero. 
Hence 

sM^ + s^A^ + s''A^ + s^A'' + s^A^ = o 

or, substituting the above values of s'^yS^.s^y s^ and s^ and remem- 
bering that 

h^ = b + b' ^ AC. hB ^ b' - h^; h"" = b'' + h^ 
and 

there results 

4- A^'ib + V) - A^V + h'^iA'' +A^ + A'' + A'' + A^) 



or 



^ A^(b + V) + A^V - AH'' - A^(b'' + V') 



A"" + A^ + A'' + A"" + A 



E 



Thus, after estimating the column areas the position of the neutral 
axis is readily determined; then h^y A*, A^, and A^, are evaluated 
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as above. Now in order to balance the bending moment X the 
following relation must exist, viz., — 

V^h^ - vn^ + F^A^ + F^A^ + F^A^ = X 
where 

F^ = 5M^; V^ = s^A^\ F^ = 5^^^; F^ = i^^^; V^ = s^A^. 

Making the substitution there results 

sWh""' + A^h^ + A''h'^ + A^'h''" + A^h^] = X, 

from which s is readily found. Now s^^ s^, s^, 5^, and s^ may be 
found from relations previously given and then the column stresses 
due to X, viz., V^, V^, F^, F^, and F^. A short summary of the 
method of designing columns is now given as follows: 

First, assume the depths of girder and story heights; all the 
columns can then be designed independently of the girders. 

Second, estimate roughly the width of column web plate such that 
the minimum top sections will not be too wasteful of material and 
the bottom sections will not be uneconomical due to a too small 
radius of gyration. 

Third, start at the top of the building so that column and fire- 
procfing weights may be added as the design progresses. Compute 
and tabulate values of X and Y for each floor. 

Fourth, estimate by trial the sections for the top floor, computing 
the position of the neutral axis and the axial and flexural unit 
column stresses, rough approximations being taken as a start and 
the design revised until satisfactory. Then proceed to the next 
floor below. 

It is well to note here that there are two methods in use in ar- 
ranging column sections. They differ only in the location of 
column splices. In the early history of tall buildings column 
splices were considered points of weakness and there originated 
the method of "staggered splices," i. e., only every alternate 
column spliced at a floor. In later practice column splices and 
confidence in them improved; when properly made they may be 
considered stronger than the main section of the column. On this 
basis the columns may as well be all spliced at the same floor, thus 
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facilitating erection. Especially is this method valuable in a 
reinforced concrete building, allowing all columns and floor slabs 
for the same floor to be poured at one time. It should be remem- 
bered that columns are usually designed in two story lengths for 
economy in shipping, erection, and number of splices, two stories 
usually making about a car length (30 feet). When splices are 
** staggered" the method of approximating and recalculating is a 
little more difficult. The example given later illustrates this case. 

Stresses and Design of Floor Girders. 

Referring to Fig. 3, a, stresses are obtained as follows: 

Girder A 2 — Top Flange, — Pass a section naa'n as shown; then, 

taking moments around point ''a*' the top flange compressive stress 

equals 



I 



Sic2+Sid2+(Vi'-Vt)x+Fi^-Pi{ei+x)-'^-M^+Mt^ 
c^A ^2 ,0x ^+2^2) ^2^ pa (^2+x) ^^ ^x w^^ 



The maximum compression in the top flange is usually given by 
this expression when x = o and the meiximum tension when x = b^ 
changing the signs throughout. 

Girder A2 — Bottom Flange, — Using the same section as above and 
taking moments around point a' the bottom flange tensile stress 
equals 

^2 2d2 '^^^2d2 2^2 ^2 d, ^^^^"^^U^ 2d2' 

The maximum tension in the bottom flange is given when x = o 
and the maximum compression when x = b^ changing signs through- 
out. 

Girder bo — Top Flange, — Pass a section nbb'n as shown and 
take moments about b. The top flange compressive stress equals 



^+(53^ + 5f)^^ + J..-P#(^^±^ 



+^Vi-Vi)f^+iVi-Vi+Vi-Vi)^^-:^—^-^ 



b _,, ,,^ ,^„ ,,„, X Wzb^ 
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the maximum compression occurring for nc = o and maximum 
tension for x = V , changing all signs. 

Girder h% — Bottom Flange, — Using the same section as above 
and taking moments around point V the bottom flange tensile 
stress equals 



2 :£U'2 (^2 

W2 



+W-Vt)y^(Vi-Vt^V?-vny-'"'^ 



((te+f) 



^2 ' ^ '«•':« 'sy^^ 2^2 ^2 

the maximum tension occurring for ac = o and maximum com- 
pression for X = h\ changing all signs. 

Girder C2 — Top Flange. — Pass a section ncc'n as shown and take 
moments about c. The top flange compressive stress equals 

(sl+sf+ss) ^ MSt+si+se) ^^^^ 



b' 



+ (Vi-Vt+ Vi - Vi) T + (V^- Vt + Vi - Vi+ VS - Vi) Y 
w^ib + b'? ^{(^ + ^0^ + 7] 

2^2 ^2 ' 

the maximum compression occurring for x = o and maximum 
tension for x = 6", changing all signs. 

Girder c% — Bottom Flange. — Using the same section as above and 
taking moments around point c' the bottom flange tensile stress 
equals 



2J2 



WsFcft+n^+f j 
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the maximum tension occurring for x = o and maximum com- 
pression for X = 6", changing all signs. 

The above girder equations have been written for the second 
story. For any other story equations may be written by merely 
changing the subscripts in these to correspond with the story under 
consideration. It must also be clear now how the equations change 
for changes in the number of panels constituting the width of the 
building. 

The Design of a Plain Plate Girder Portal Braced Building 

— Girders Assumed Rigid. 

The method just given will now be applied to a five story structure 
with only two columns in a cross section. (See Fig. 5, a.) A 
structure of this simple type is taken as fully illustrating the method 
of design and as a basis for the investigation of stresses in future 
chapters on the assumption of a perfectly elastic structure. Fig. 5, a, 
shows the dimensions of the structure and the location of the 
staggered column splices. Fig. 5, 6, shows the location of floor 
beams and area contributing load to the columns and girders. 
All floors are arranged alike and every transverse column section of 
the structure is considered as portal braced; it is believed that this 
is most economical and gives a more uniform design. Figs. 5c 
and 5 J show the location and eccentricity of wall beams, the con- 
nection of these beams to the columns and the position of the front 
and rear walls relative to the columns. In this design the floor 
load is not considered as uniform but as concentrated at the beam 
connections. 

Unit Loads — Live Load. — Roof, 30 lb per. sq. ft.; ist, 2d, and 
3d floors, 50 lb per sq. ft.; o floor, 100 lb per sq. ft. 

Dead Load. — Roof and ist, 2d, and 3d floors, Qolb per sq. ft.; 
o floor, no lb per sq. ft.; walls, face, 94 lb per sq. ft. of surface 
(75 per cent of solid wall), rear, 125 lb per sq. ft. of surface (no 
;svindows); parapet on face, extending 5 feet above centre of roof 
girder @ 125 lb per sq. ft. of surface; column fireproofing, 100 lb 
per lineal foot of column. 

Wind Load. — 30 lb per sq. ft. of exposed surface. Consider that 
the wind may act on face or rear and that the exposed surface of 
face and rear are equal, i. e., as if the rear wall also had a parapet. 
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Stresses in Tall Buildings. 



It will be noted that no reduction of live load on floors is provided 
for in the column designs. It is desired to keep'girder and ^column 
loading identical for the purposes of this discussion. 

Allowed Unit Stresses. — 



Tension, 16,000 lb per sq. in., net. 

Compression, 16,000-70 L/r per sq. in. 
gross. 

Bending-tension fibre, 16,000 lb per 
sq. in., net. 

Bending-comp. fibre, 16,000-200 L/b 
per sq. in., gross. 

Shear on webs of girders, 10,000 lb per 
sq. in., gross. 



L = unsupported length; 

r = least radius of gyra- 
tion; 

b = width of girder 
flange; 

L, f , and b in inches. 



An increase in the above units of 25 per cent, will be allowed 
when wind stresses are included, but, if this requires less material 
than is required for the other stresses, exclusive of wind, at the 
above units, the wind stresses shall be disregarded. 

A rough trial shows that 16 in. may be used for the width of the 
column web plates Figs. 5, c, and 5, d, show that the concentrated 
loads P'^ will have an eccentricity of 10.75 in; while the loads P* 
will have an eccentricity of 4.50 in. In order that all floor arch 
spans may be the same the spacing of floor beams is made constant 
as shown in Fig. 5, b. 

Values of P^ Due to Wall Load Only. — 
Pf = 20.0 ft. X 5.0 ft. X 125 ft) = 12,500 ft). 
pA ^ pA ^ pA ^ pA ^ 20.0 ft. X 12.5 ft. X 94 ft) = 23,500 ft). 

Values of P^ Due to Wall Load Only. — 
Pf = 0. 
Pi = P? = P? ^ PE ^ 20.0 ft. X 12.5 ft. X 125 ft) = 31,225 ft). 

Values of F^ = P^.— 
Ft = 20.0 ft. (5.0 ft. + 6.25 ft.) X 30 ft) = 6,750 ft). 

pA ^ pA ^ pA ^ 20.0 ft. X 12.5 ft. X 30 ft) = 7,500 ft). 

Fo = h^t = 3750 ft). 
Floor Beam Concentration. — Let W be the concentration from 
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floor beams B, and W, that from beams B'. Then 
71.42 in. 



Wi = 



24 



X 20.0 ft. X (30 lb + 90 lb) = 7,142 lb; 



W ='2Wi= 14,284 lb. 



71 J.2 in 
^^8 = ^2 = 1^1= ^ .. X 20.0 ft. X (50 ft)+90 lb) =8,325 lb; 
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Wi' = 2Wi = W2' = Wi' = 16,650 lb. 

Wo = — '- ' X 20.0 ft. X (100 ft) + 110 ft)) = 12,500 ft); 

24 

Wo' = 2W0 = 25,000 ft). 

The general formulae for determining column stresses reduce in 
this case 25 to the following. 



h^ = 



bA 



= 200 X 



, h^ = 200 — A^, /> = 



Z = A^F + SP^e^ - 2/>^(6 + O - 205.262 T^' + X„, 

where X„ is the value of X for wind only; this will be plus if the 

wind blows on the front and minus if the wind blows on the rear of 

the building. 

X 



s = 



A'^h'^' + A^h^'' 



j^ = 



/^ 



X 



2 



jB — 



J^ + JB^ JA . 



JA^JB 



X 



2 



The maximum compressive unit stress in column A = /> + 5^*+ 5' 
and occurs for wind blowing on rear. 

The maximum compressive unit stress in column B =^ p-\- s^-{- s' 
and occurs for wind blowing on front. 

Data for column design is given in the following table. 



Floor. 

4 
3 
2 
1 



Total P\ ^pA^ jbs. 
lbs. 


Total PB. 
lbs. 


%PB, lbs. 


W', lbs. 


2^, lbs. 


* V, lbs. 


F^ 

= fb. 

6,750 
7,500 
7,500 
7,500 
3,750 


:iF. lbs. 


19,642 
31,825 
31,825 
31,825 
36,000 


19,642 

51,467 

83,292 

115,117 

151,117 


7,142 
39,550 
39,550 
39,550 
43,725 


7,142 

46,692 

86,242 

125,792 

169,517 


14,284 
16,650 
16,650 
16,650 
25,000 


14,284 
30,934 
47,584 
64,234 
89,234 


55,352 
160,027 
264,702 
369,377 
499,102 


6,750 
14,250 
21,750 
29,250 
33,000 



* These values are exclusive of column weights and column fireproofing, for 
which values will be added as the columns are designed. The various trials 
made in securing the following sections will not be given; in any given case these 
trials will be governed by the experience of the designer. 
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Fourth Story — Columns, — 
For Column ^-A use 

4Z's, 3x2^x^^ 



I PL, i6x^g 



A 
I 
r 
I 

V 
Wc 



11.52 sq. in, 
461.0 
1. 15 in. 

57.7 
39.0 ft) 



Ya (from table) = 

Wgt. Col. 4-A = 12.5 ft. X 39.0 ft) 
Wgt. Cdl. 4.-B = 12.5 ft. X 51.8 ft) 
F.P. Col. 4.-A = 12.5 ft. X 100 ft) 
P.P. Col. 4-5 = 12.5 ft. X 100 ft) 
Total value of F4 = 



55,350 ft) 

490 ft) 

650 ft) 

1 ,250 ft) 

1,250 ft) 

58,990 ft) 



For Column 4-5 use 



4Z's, 5x3^x^'V 



I PL, i6x-/g 



4 = 15.23 sq. in. 

/ = 660.8 

r = 1.94 in. 

I 

- = 81.3 

Wc = 51.8 ft) 



2F- = 6,750 X 65.0 = 438,000 in. ft) 



}r = 200 



11.52 



11.52 + 1523 



= 86.1 in., h^ = 200 — 86.1 = 1 13.9 in., 



58,990 
p = + 15.23 = 2,205 ft> per sq. in. 

1 1 '52 



A^K 


XPBgB, 


-^p^6-\■*^.) 


— 205.262 «^. 


V Wind on Front. 


Wind on Rear. 
X. 


+5,090,000 


+32,200 


-4,145,000 


-2,930,000 


=t 506,500 -1,446,300 


-2,459,300 



5 (wind on rear) = — 



2459,300 



11.52 X 113.9^ + 15.23 X 86.12 



= "■ 9.38 ft) per sq. in. 
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5^, max. comp., wind on rear = 113.9 X 9.38 = + 1,067 lb per sq. in. 

,A 461.0 438,000 , „ 

5 max. comp = ^^^ ^ _^ ^^ X "^^ = + 3,i25 lb per sq. in. 

Max. unit. comp. stress in Col. /[-A, p = + 2,205 ft) per sq. in. 

5"* = + 1,067 ft) per sq. in. 

s' = + 3,125 ft) per sq. in. 

Total = + 6,397 ft> P^r sq. in. 

Max. allowed unit comp. stress in Col. 4.-A 

■ 

= 1.25 ( 16,000 — 70 X ) ~ ■*" ^»3^^ ^ P^^ sq. in. 

This column section will be O.K. 

, . , r ^. 1,446,300 

5 (wmd on front) = — === =^ = — 5.51. 

11.52 X 113.9^ + 15.23 X 86.12 

s^, max. comp. wind on face = — 86.1 X 5.51 = — 475 ft) per sq. in. 

,B 660.8 438^000 

5 , max. comp. =^^j^^^^^X-^Y:^= +3,175 ft) per sq.m. 

Max. unit comp. stress in Col. 4-5, p = + 2,205 ft> P^r sq. in. 

5^ = — 475 ft) per sq. in. 

5' = + 3,175 ft) per sq. in. 

Total = + 4,905 ft) per sq. in. 

Splice occurs in Col. 3-5, hence see third story for allowed and 
max. stresses. 



Third Story — Columns, — 




For Column 3-i4 use 


• 


A = 19.73 sq. in. 


4ii's, 6x3jx| 


I = 878.6 




r = 2.46 in. 

* 


I PL, 16 x| 


— = IO8.I 

V 




Wc = 67.2 ft) 
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Yz (from table) 

Col. wgts. and F.P. from above 

Wgt. col. 3--4 = 12.5 ft. X 67.2 ft) 

Wgt. col. 3-5 = 12.5 ft. X 51.8 ft) 

F.P. col. 3-4 = 12.5 ft. X 100 ft) 

F.P. col. 3-5 = 12.5 ft. X 100 ft) 
Total value of Yz = 



160,027 ft) 

3,640 ft) 

840 ft) 

650 ft) 

1,250 ft) 

1,250 ft) 

167,657 ft) 



For Column 3-5 use 

4Z's, 5x3jx^^ 



A = 15.23 sq, in. 
= 660.8 . 



I PL, 16x^6 



I 
r 
I 

V 



= 1.94 m. 
= 81.3 
= 51.8 ft) 



XF- = 14,250 X 62.5 = 891,500 in. ft) 



2 
h^ = 200 X 



1973 



h^ = 



P = 



1973 + 15.23 
200.0 — 1 12.8 = 87.2 in. 

167,657 



= 1 12.8 in. 



1973 + 15.23 



= 4,785 ft) per sq. in, 



A^y. 


y.p^€B. 


—%P^{b-\-e^). 


-205.262 W^'. 


x^> 


Wind on Front. 
X. 


Wind on 
Rear. JC. 


+18,940,000 


+210,000 


-10,840,000 


-6,345,000 


=b 2,096,000 


+4,061,000 


-131,000 



5 (wind on rear) = — 



131,000 



19.73 X 87.22 + 15.23 X 112.82 

= — 0.381 ft) per sq. in. 
s^j max. comp., wind on rear = 87.2 X 0.381 = + 33 ft) per sq. in 



s'^y max. comp. = 



878.6 



878.6 + 660.8 108.1 



891,500 
X -TTTTT" = + 4720 ft) per sq. in. 



Max. unit. comp. stress in Col. 3-i4, p 

.A 



5" = 



Total 



+ 4,785 ft) per sq. in. 

+ 33 ft) per sq. in, 
= + 4,720 ft) per sq. in. 
= + 9,538 ft) per sq. in. 
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Splice occurs in Col. 2-A; hence see second story for allowed 
and max. stresses. 

r * A f 4-N I 4.061,000 

5 (wind on front) = + 



1973 X 87.22 + 15.23 X 112.32 

= + 11.80 ft) per sq. in, 

s^f max. comp., wind on front, = 1 12.8 X 11.80 

= + i»332 ft) per sq. in. 

s 660.8 891,500 

s' , max. comp. = g^g ^ + ^60.8 ^ "8^:^ ^ "^ "^'^'^ ^' "^^ '"' 

Max. unit. comp. stress in Col. 3-5, p = + 4,785 ft) per sq. in. 

s^ = + 1,332 ft) per sq. in. 

5' = + 4»7io ft) per sq. in. 

Total = + 10,827 ft) per sq. in. 

Max. allowed unit comp. stress in Col. 3-5 

= 1.25 ( 16,000-70 X ) ~ ^" I3»250 ft) per sq. in. 

If the next smaller section (4 X 3 X ifg^ in. Z 's) were used the 
allowed stress would be only 11,500 ft) per sq. in. and the max. 
stress would be 12,240 ft) per sq. in. instead of the 10,827 ^ P^r sq, 
in. above. The section used is O.K. 



Second Story — Columns. — 




For Column 2-A use 


• 


-4 = 19.73 sq. in. 


4Z's, 6x3|xf 


I = 878.6 




r =2.46 in. 


I PL, 16 xf 


- = 108.1 

V 


» 


We = 67.2 ft) 



Y2 (from table) = 264,702 ft) 

Col. wgts. and F.P. from above = 7,630 ft) 

Wgt. Col. 2-i4 = 12.5 ft. X 67.2 lb = 840 ft) 
Wgt. Col. 2-B = 12.5 ft. X 83.8 ft) = 1,050 lb 
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F.P. Col. 2-A = 12.5 ft. X 100 ft) = 1,250 ft) 
F.P. Col. 2-B = 12.5 ft. X 100 ft) = 1,250 ft) 
Total valu^of F2 

For Column 2-B use 



4Z's, yxsix^V 



I PL, 16x^5^ 







= 2 


76,720 ft) 


A 


^ 


24.65 sq. 


in. 


I 


as 


1,122.6 




r 


r= 


3.00 in. 




I 

V 


= 


138.2 




Wc 


= 


83.8 ft) 





c 
ZF- = 21,750 X 62.5 = 1,360.000 in. ft), 



h^ = 200 X 



1973 



1973 + 24.65 



= 89.0 in.. 



h^ = 200.0 — 89.0 = II I. o in., 

276.720 

^ = ; — = 6,230 ft) per sq. in. 

^ 1973 + 24.65 ' ^ *^ ^ 



A^K 


i,pBtB, 


—l.P^^b-k-e^). 


— 205.262 fT'. 


x^ 


Wind on Front. 
X. 


Wind on Rear. 
X. 


+24,620,000 


+389,000 


-17,550,000 


-9,768,000 


=b4,798,000 


+2,489,000 


-7,107,000 



5 (wind on rear) = — 



7,107,000 



1973 X 111.02 + 24.65 X 89.02 

= — 16.23 ft) per sq. in. 

s^j max. comp., wind on rear, = iii.o X 16.23 

= + 1,802 ft) per sq. in. 



s , max. comp. = 



878.6 1,360,000 



878.6 + 1,122.6 "^ 108.1 

= +5»525 ft> per sq. in. 



Max. unit. comp. stress in Col. 2-4, p 

Total 



= + 6,230 ft) per sq. in. 

= + 1,802 ft) per sq. in. 

= + 5*525 It) per sq. in. 

= + I3»557 ft> per sq. in. 
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Max. allowed unit comp. stress in Col. 2-A 

= 1.25 f 16,000-70 X — 7 ) = + I4»700 ft) per sq. in. 

The section used can not be reduced. 

2,489,000 



5 (wind on front) = + 



1973 X 111.02 + 24.65 X 89.02 

= + 5.68 ft) per sq. in. 

s^j max. comp.-wind on front = 89.0 X 5.68 = + 506 ft) per sq. in. 

,B 1,122.6 ^^ 1,360,000 
s , max. comp. = ^ ^ 2 X 



878.6 + 1 122.6 138.2 



= + 5520 ft) per sq. 



Max. unit comp. stress in Col. 2-5, p = + 6,230 ft) per sq. in. 

s^ = + 506 ft) per sq. in. 

5' = + 5,520 ft) per sq. in. 

Total = +12,256 ft) per sq. in. 

Splice occurs in Col. i-A ; hence see first story for allowed and 
max. stresses. 



n. 



First Story — Columns. — 




For Column i-A use 


. A = 34.73 sq. in. 


4Z's, 7x3ixf 


/ = 1,550.9 




r = 3.08 in. 




/ 


iPl.,i6xf 


V - ^90.9 


^ Wc = 1 18.0 ft) 


Yi (from table) = 


3*9.377 ft> 



Col. wgts. and F.P. from above = 12,020 ft) 

Wgt. Col. i-A = 12.5 ft. X 1 18.0 ft) = 1,480 ft) 
Wgt. Col. i-B = 12.5 ft. X 83.8 ft) = 1,050 ft) 
F.P. Col. I-A = 12.5 ft. X 100 ft) = 1,250 ft) 
F.P. Col. 1-5 = 12.5 ft. X 100 ft) = 1,250 ft) 
Total value of Yi = 386,430 ft) 
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For Column i-5 use 



4Z's, 7x3jxiV 



iPl., i6x 1^^ 



A = 24.65 sq. in. 
/ = 1,122.6 
r = 3.00 in. 

f= 138.2 

«^c = 83.8 lb 



SF- = 29,250 X 62.5 = 1,827,000 in. lb 



h^ = 200 X 



34.73 



34.73 + 24.65 



= 1 17.0 in. 



h^ = 200.0 — 1 17.0 = 83.0 in. 



/> = 



386,430 



34.73 + 24.65 



= 6,510 ft) persq. in. 



A^F. 


2P^*^. 


-2/'^(3+if^). 


— 205.262 »^'. 


•^w* 


Wind on Front. 
X. 


Wind on 
Rear. X. 


+45,230,000 


+565,000 


-24,270,000 


-13,175,000 


:t8,622,500 


+16,972,500 


-272,500 



5 (wind on rear) = - 



272,500 



34.73 X 83.02 + 24.65 X 117.02 

= — 0.472 ft) per sq. in. 



s^, max. comp., wind on rear = 83.0 X 0.472 = + 39 ft) per sq. in. 



s' , max. comp. = 



1,550.9 



1550.9 + 1,122.6 



X 



1,827,000 
190.9 

= + 5,550 ft) per sq. in. 



Max. unit. comp. stress in Col. i-A, /> = + 6,510 lb per sq. in. 

•s"* = + 39 ft> per sq. in. 

s'^ = + 5,550 ft) per sq. in. 

Total = +12,099 ft) per sq. in. 

i-A and o-A are the same member, hence see o story for allowed 
and max. stresses. 

16,972,500 



5 (wind on front) = + 



34.73 X 83.02 + 24.65 X 117.0^ 

= + 29.4 ft) per sq. in. 
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s^f max. comp., wind on front = 117.0 X 294 

= + 3,445 ft) per sq, in. 

,» 1,122.6 1,827,000 

s , max. comp. = ; 7 X 7, 

1,550.9+1122.6 ^ 138.2 

= + 5»550 It) per sq. in. 

Max. unit. comp. stress in Col. i~-B, p = + 6,510 ft) per sq. in. 

^^ = + 3»445 ft> per sq. in. 

^'^ = + 5>55Q K) per sq. in. 

Total = +15,505 lb per sq. in. 

Max. allowed unit comp. stress in Col. i-B 

= 1.25 ( 16,000 — 70 X ) ^ + ^5»^2^ ^ per sq. in. 

The section used is O.K. 



Basement Story — Columns, — 
For Column o-A use 



4Z's, 7x3^xf 



I PL, 16 xf 



A = 3473 sq. in. 

I = 1,550.9 
f = 3.08 in. 

/ 

— = 190.9 

^ Wc ^ 1 18.0 ft) 



Yo (from table) =1 499,102 ft) 

Col. wgts. and F.P. from above = 17,050 ft) 

Wgt. Col. o-A = 12.5 ft. X 1 18.0 ft) = 1,480 ft) 
Wgt. Col. o-B = 12.5 ft. X 1 18.0 ft) = 1,480 ft) 
F.P. Col. 0--4 = 12.5 ft. X loo.o lb = 1,250 ft) 
F.P. Col. 0-5 = 12.5 ft. X loo.o ft) = 1,250 ft) 

Total value of 7o = 521,610 ft) 
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For Column o-B use 



4Z's, 7x3ixf 



I PL, i6x| 



^ = 3473 sq. in. 

/ = 1,550.9 

r = 3.08 in. 

/ 

— = 190.9 

V 

Wc = 1 18.0 ft) 



Sf - = 33,000 X 62.5 = 2,062,500 in. ft) 



34.73 



h^ = 200 X — 

34-73 + 34.73 

Ifi^ = 200.0 — loo.o = loo.o in. 



= lOO.o in. 



/> = 



521,610 



34-73 + 34.73 



= 7,510 ft) per sq. in. 



h^Y. 


2/>^ifB. 


-2/>^(3+^^). 


-205.262 »^'. 


x^. 


Wind on Front. 
X. 


Wind on Rear. 
X. 


+52,161,000 


+763,000 


-31,870,000 


-18,300,000 


=fc 13,295,000 


+16,049,000 


-10,541,000 



5 (wind on rear) = — 



10,541,000 



34.73 X ioo2 + 34.73 X ioo2 

= — 15.175 ft) per sq. in. 



s^, max. comp., wind on rear = 100 X 15.17 



= + 1,517 ft) per sq. in. 



s*^^ max. comp. = 



i»55o.9 



i»550.9 + i»550.9 



X 



2,062,500 



Max. unit comp. stress in Col. o-A, p = 



s 
Total 



190.9 








= + 5.405 R) per sq 


. in 


= + 


7»5ioft) 


per sq. 


in. 


= + 


1,517 R> 


per sq. 


in. 


« 1 


5405 n> 


per sq. 


in. 



s^ = 



= + 14,432 ft) per sq. in. 



Max. allowed unit comp. stress on Col. o-A 



= 1.25 f 16,000 — 70 X — ^ ) ~ "I" ^^'^50 ^ P^^ sq. in. 
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If the next smaller section (-^q in. material) were used the allowed 
stress would be 16,150 lb per sq. in. and the max. stress would be 
16,340 R) per sq. in. instead of the 14,432 lb per sq. in. above. The 
section used is O.K. 

, . , . ^x , 16,049,000 

5 (wmd on front; = + = =- 

34.73 X ioo2 + 34.73 X ioo2 

= + 23.11 lb per sq. in. 

5^, max. comp. wind on front = 100 X 23.11 

= + 2,311 lb per sq. in. 

,B ' 1, 5509 ^, 2,062,50 

s , max. comp. = ; X 

1550.9 + 1550-9 190.9 

= + 5405 ft> per sq. in. 

Max. unit. comp. stress in Col. o-5, p = +7,5io lb per sq. in. 

s^ = + 2,311 K) per sq. in. 

5' = + 5,405 lb per sq. in. 

Total = +15,226 lb per sq. in. 

Max. allowed unit comp. stress on Col. o-B 

= 1.25 ( 16,000 — 70 X — ^ ) = + 16,150 lb per sq. in. 

The section used is O.K. 

Girder Design, — ^The general formulae for determining girder 
flange stresses reduce in this case to the following. 
Girder Am top flange compression 

Txr/ (X ~ 60.67) , , W\X— 132.09) 

- W X760.67 , ^ — - X7132.09 

Girder A «, bottom flange tension 

o^ gn + 2dn ^ Cn+1 ipAi^T/A J/A \^ JJA (^n + ^) 

Txr/ (^ ~ 60.67) ^ ^ W'{X — 132.09) 

-w- — 2 — X 760.67 ~~d — X7132.09 
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The formulae apply for wind blowing on either front or rear when 
the corresponding values of S^ and V^ are used. For wind on the 
rear F^ is of course zero. 

Values of V and S are given in the following paragraphs. 

1,550.9 



On — 



Oi — 



i»550.9 + 1,550.9 



X 33»ooo = 16,500 ft) 



1,550.9 

1.550.9 + 1 122.6 ^ ^9-250 = 16,970 n. 
878.6 



^^ = 878.6 + 1 122.6 X ^^'750 = 9.553 lb 



878.6 



•^» = 878.6 + 660.8 ^ '+'^50 = 8,135 lb 

461.0 



A 



St- 



X 6,750 = 2,773 ft> 



+ for wind on 
front; — for 
wind on rear. 



461.0 + 660.8 
So = 33,000 - 16,500 = 16,500 ft) 
5f = 29,250 — 16,970 = 12,280 ft) 
Si = 21,750 - 9,553 = 12,197 ft) 
Si = 14,250 - 8,135 = 6,115 ft> 
Si = 6,750 - 2,773 = 3,977 ft) 

The total axial stress in a column equals the area of the column 
times (p + s). 
The values of V are as follows: For wind on rear (Cols. A, max.). 

V^ = 34-73 X 9,027 = 313,500 ft) F^ - Ff = 86,100 ft) 
Vi = 34-73 X 6,549 = 227,400 ft) Vf - V^ =^ 69,000 ft) 
V2 = 19-73 X 8,032 = 158,400 ft) 

vt = 19.73 X 4,818 = 95,130 ft) 

F^ = 11.52 X 3,272 = 37,710 ft) 



Vi - vt == 63,270 ft) 
Vi - vt ^ 57,420 ft) 
Vi = 37,710 ft) 



Ff = Fo - F^ = 521,610 - 313,500 = 208,110 ft) 
Ff = Fi - Ff = 386,430 -'227,400 = 159,030 ft) 
Vi = Y2 — Vi = 276,720 — 158,400 = 118,320 ft) 
Ff = Fa - F^ = 167,657 - 95,130 = 72,527 ft) 
Vi = Ya - Vi ^ 58,990 - 37,710 = 21,280 ft) 
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For Wind on Front (Cols. 5, Mcix.). 

VS = 3473 X 9»82i = 34i»ooo R> 

Vf = 24.65 X 9»955 = 245400 R) 

Ff = 24.65 X 6,736 = 166,000 ft) 

Vi = 15.23 X 6,117 = 93,230 ft) 

V^ = 15.23 X 1,730 = 26,360 ft) 

V^ = Yo — VS = 521,610 — 341,000 = 180,610 ft) 

Ff = Fi - Ff = 386,430 - 245,400 = 141,030 ft) 

F^ = F2 — Ff = 276,720 — 166,000 = 110,720 ft) 

F# = F3 - Ff = 167,657 - 93,230 = 74,427 ft) 

F^ = F4 - Ff = 58,990 - 26,360 = 32,630 ft) 

^^ - V^ = 39,580 ft) 
Vt - Vt = 30,310 ft) 
T^^ - T^# = 36,293 ft) 

vt - vt = 41797 ft) 

F^ = 32,630 ft) 

The following table gives in a condensed form all the calculations 
of girder flange stresses and the positions and amounts of maximum 
stresses of both kinds in both top and bottom flanges. 
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The design of the girders is given in the following table. 
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Girder. 


Area, 4Z». 


Area, 
Web. 


Total Area. 


d. 


I. Web. 


I-4Z«. 


Total I. 


Pri- '^^faSecond- 
mary. i ary. 


A-0 
A-1 
A-l 
A-Z 
A-A 


13.72 

12.20 

9.64 

8.70 

7.76 


9.95 
8.13 
8.13 
8.30 
6.71 


23.67 
20.33 
17.77 
17.00 
14.47 


12.5 
12.5 
12.5 
12.5 
10.0 


582 
458 
458 
484 
259 


13 

13 

7 

6 

6 


2,145 
1,907 
1,507 
1.360 
776 


2,740 
2,378 
1,972 
1,850 
1,041 



CHAPTER III. 

STRESSES IN PORTAL BRACED BUILDINGS— ENTIRE STRUCTURE 

ELASTIC. 

In this chapter there is developed a method of determining the 
stresses in a plain plate girder portal braced building for all types of 
loading on the assumption that the entire structure is elastic. 
First the general case is developed and then special formulae and 
methods are given for a structure containing only two columns in a 
transverse section. 

The following assumptions are involved in this discussion : 

(a) That the connections of the girders to the columns are 
sufficiently rigid to maintain the column in a straight line for the 
full depth of the girder and that, as a consequence, the deformation 
curves of the girders and columns are normal to each other at their 
intersections. 

(b) That the curvature of the columns and girders is considered 
as having no effect on their axial lengths. 

(c) That the columns at their anchorages will always be main- 
tained in a fixed vertical direction. 

(d) That the elastic limit of the material will never be exceeded. 

(e) That the material shall be uniform throughout the structure. 
(/) The increase of bending moment leverage due to the deflection 

of columns and girders is neglected. 

(g) The mid depth lines of girders are considered as their neutral 
axes. 

These assumptions, it is believed, are all rational and non con- 
flicting. 

In order to make the method about to be developed more readily 
understood the following outline is given: 

The fundamental differential equation of the elastic line of any 
member under stress is 

EI^, = MX. 

The building is considered as made up of individual members 
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(columns and girders) rigidly connected to each other, and the 

above equation successively applied to each member. First, 

certain conditions of the problem are used in eliminating and 

evaluating the constants of integration of the elastic lines of all 

members. Then the remaining unused conditions are developed 

into three independent equations per panel of the cross section of 

the building. These equations are verbally expressed as follows: 

Equations A are best understood by a reference to Fig. 6, c, 

which represents a distorted panel taken out of the structure. 

The equation is simply 

A'D" = A"D' 
or 

AW + aV + dC + CD" = A"B' + B'V + b'd' + d'D', 

in which A'a', c'C , B'V , and d'D' are equal to the half depth of 
the girder times the slope of the corresponding column at the 
points A, C, B, and D respectively; a'c' and Vd' represent the 
deflection of the columns ac and hd respectively; A"B' and CD" 
represent the original unstrained length of the neutral axes of the 
girders minus the shortening due to axial compression in the girder. 

Equations B. — ^The slope of the elastic line of any girder (incli- 
nation to the horizontal) at the end of the girder will be equal to 
the slope of the elastic line of the column (inclination to the vertical) 
connecting thereto. There of course exists such a relation for each 
end of the girder, but one of these conditions has already been used 
to evaluate a constant of integration. 

Equations C. — Considering the origin of coordinates for the elastic 
line of a girder as located on the neutral axis and at one end of the 
girder, the vertical deflection of the other end of the girder will be 
equal to the total difference in the change of length of the two 
columns connecting to the girder in the distance from the column 
anchorages to the neutral axis of the girder. These quantities 
are shown graphically in Fig. 6, a, in which they are marked A. 

Now, starting at the bottom of the building, by means of these 
equations three of the unknowns of the problem are eliminated from 
each successive panel until the top of the building is reached. The 
equations -4, 5, and C for the top panels may then and not till then 
be solved for the unknowns of the top floor panels. Substitution 
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may then be made in the lower floors successively until, having 
reached the bottom panel, all quantities are known. Each panel 
contains three unknowns in terms of which all other quantities may 
be expressed and as seen above each panel furnishes the necessary 
equations for their elimination. 

The origins of coordinates are taken as follows: 

For All Columns. — ^Separate origins are taken for each column 
section; they are located at the foot of the column section (length 
= c). The coordinates are measured vertically and horizontally, 
X being considered positive upwards and y positive to the right. 

For all Girders. — Origins are located on the intersections of the 
neutral axes with the axis of the column connecting on the right end 
of the girders. Coordinates are measured horizontally and vertic- 
ally, X being considered positive to the left and y positive upwards. 

All column origins are shown on Fig. 6, a; thus 9 . 

All girder origins are shown on Fig. 6, a; thus (8) . 

Expressions Giving the Values of the Various Properties 

OF THE Structure Under Load. 

Slopes and Deflections of Columns. — Referring to Fig. 6, 6, which 
represents in general a column section from any part of the building, 
the differential equation of the elastic line of any column section is 

d^y M S 
^dx^ I I^ 

(cf. Chapter II). First integration gives 

^dy M 5 , . ^ 
dx I 2I 

where JT is a constant of integration. Second integration gives 

M S 

where X' is a constant of integration. 

But when x = o, Edy/dx — C (see Fig. 6, 6, and "Notation"), 
hence K = C and 

^dy M S ^ , ^ 
dx I 2/ 
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Now, making x = c in this equation the value of C for the column 
section above is found to be Mc/I — Sc^/2l + C. For the base- 
ment sections C = o, since the columns are here fixed in a vertical 
direction. By assigning the proper subscripts and exponents to 
the terms of this formulae values of C for all column sections are 
written as follows: 



For Columns A, 
2^ ' 



For Columns B, 






a 



ct = 



MfC, 

It 



stcj 

2lt 



CA/"2 
'-2 '-2 

2/^ 



+ ct, 



+ ct. 



Ci = o, 



Cf = 



Ci 



a 



MlCo 

IS 



2lS ' 



MfCi SfCl 



I? 

MjCt 

li 



2/f 

2 ^2 



+ Cf, 



+ Ci. 



CF 



For Columns C 
O, 



For Columns D, 






a 



nc 
<-8 



MSC^ 



^0 



MfC, 



CC/^2 

2/o^ ' 
CC/^2 

2/f ^ ^' • 



2/f 



' + Cf . 



C^ 



cr = 



c? 



>-3 



O, 



2 



i> » 



ODr"2 

2iS 



/f 2/f 



+ C?, 



-'2 



CD/^2 
2/? 



+ Ci 



Now when jc = o, 3^ = o, and hence X' = o and 

•^ 2/ 6/ 

In this equation, when 5t: = c, -E^' = 5 (see '* notation'') = Mc^/2l — 
S(?I6I + Cc. Assigning proper subscripts and exponents as above, 
values of 5 for all column sections are written as follows: 



h^ 



h^ 



For Columns A, 



2U 






do ~ 



5f 



For Columns B, 

MSCl _ SiC% 
6IS ' 



2IS 
MfCf 

2/f 
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^ ~ 2ii eu'^^^^' *" 2/# 6/f ■^''**' 

, M^Cl Si CI , „ Mi CI SfCl ^„ 

** " 2lt ~ 6It "•" ^ '■ ' - 2li tlf +'-'^'- 

For Columns C, For Columns P. 

'» ~ 2/0^ 6IS ' " " 2/? 67? ' 

__ M2 C2 ^2<-2 , ^c^ t£> _ ^*^2 ^2 _ "-2^ 2 , ^n 



^ " 2/f 6/,^ "^ ^^ '^' ^^ " 2/? 6/? "^ ^^ ^ 



Axial Shortening of Girders. — For an axial thrust H the shortening 
in the length b will equal Hb/AE or E times this shortening = X 
= Hb/A. Values of X for all girders are given as follows: 



For Girders "a." For Girders "6." For Girders ''d." 



K 


A'o 


K 


H%b 
A\ 


A2 


Htb 

At 


^a 


Htb 



. mb' ^, Htb" 

A, 



» _ Hlb' 



^ "" A^ ' 



n Hlb' 
\h * \d 

2 



^» 



Xh * \d 

3 "• jft • *^' 

3 -^3 



■^0 


H?&" 


^? 


i?|&" 


^i 


Hlb" 



Aa ' "3 Jft • 3 Ad 

-^3 -^ a -^3 



Axial Stresses in Girders. — Considering sections such as naa'n, 

nbb'n, and ndd'n and equating the sums of the horizontal forces 

acting on the sections cut to zero the following values of H may be 

written. 

For Girders "a." For Girders '*&." 

HI = St + 5f - S^ - Si + F^, 

HI = Si + Si - 5J* - 5f + F^ 

-"2 ~ "-^3 ~r ^3 *-^2 "-^2 "T ^2 » 

77a -- ^ ^A I pA TJb — ^ ^A _ ^B I pA 

£1^ — >^2 \ ^Z ' -"3 '^3 -3 I ■'^3 • 



77« = ^^ 


- ■S'o^ + F^, 


-"1 — ^2 


- S^ + Ft 


TJa ^ ^A 
ri2 — -3 


- Si + Ft, 
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For Girders "d." 
H* = St-\- S? + 5f -St- Si - S^ + Fi, 
Hi = S^ + Si + 5f -St- Si - 5f + Ft, 

•"2 ^^ *-^8 I *^8 T" »^3 ^2 *-^2 *^2 "T ■'^ » 

-"8 ~ *^3 *^8 "^3 "T ^3 • 

Axial Stresses in Columns, — In considering the loads on this 
structure it is to be noted that the wind is taken as acting on each 
side simultaneously; the purpose of this is to make the equations 
perfectly general, so that they may be used for wind on either side 
by merely dropping the terms involving wind on the other side. 
Passing horizontal planes mm, Fig. 6, a, through the origins of 
coordinates for the columns and taking as centre of moments the 
intersection of these planes with Col. D^ let X be the moment about 
this point of all the given external forces acting on the upper portion 
of the structure cut by mm (positive clockwise) and let Y be the 
sum of all the vertical forces or components acting downward on 
this portion of the structure. Now, using this center of moments 
there is obtained 

X + V^{b + 6' + 6") + F*(6' + 6") + F^6" 



or 



•• WMM I III I , _ _ _ __^_^__^^_ 



b + b' + b" 
Also 

yD — Y — V^ — V^ — V^ 

{M^ + M* + Jlf '^ + M") - F*6 - V^{b + b') 

+ Y{b + 6' + b") + X 



b + b' + b" 






Therefore 






(M* + Mi + MS + Mi) - Viib' + b") 


- Vib" 


-Xo 


" b + b'-\-b" 




» 


„, (Mt + Mi + Jiff + Mt) - Vi(b' + b") 


- Ff6" 


-:^i 



b + b' + b" 
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, (Mj- + Mi + Mj + Mj) - Vjib' + b") - V^b" - Xj 
* 6 + ft' + b" 



V, 



V^ = 



, _ {Mt + Mj + M§ + Mf ) - VJib' + 6") - F<^ft" - X, 
' 6 + ft' + 6" 

- {M^ + Mo* + Mo^ + M^) - Vib - V^ib + ft') 

+ Fo(ft + b' + ft") + Xo 



Ff = 



ft + ft' + ft" 

- (Mf + J»ff + Mf + Jiff) - Ff ft - Ff'Cft + ft') 

+ Y,(b + ft' + ft") + Xy 



ft + ft' + ft" 

- (Jlfj^ + Mi + Mf + Mf ) - Ff 6 - Ff (ft + 6') 

yn , + Fi(ft + ft' 

" ft + ft' + ft", 

- (Jlf^ + Mi + JIfa*' + Mi) - Vib - Viib + ft') 

Fr 



„^ + Yzjb + ft' + ft") + X» 

* ft + ft' + ft". 



This shows that, no matter how many columns in a cross section 
the axial stress in two of them may always be expressed in terms of 
the others and the other unknowns. F* and V must be solved 
for in the regular course of solution as outlined. 

Axial Shortening of Column Sections. — From centre of floor girder 
to centre of floor girder. Since the thrust is axial the shortening 
of the wth story section will equal 

VnjCn + hdn-l + hdn) 
A^ 

or E times the shortening = 

Vn(Cn + idn-l + hdn) 
«n = 1 . 

Values of a are given as follows : 

For Column A, For Column B. 

^ _ F^(c, + ^do) 3 _ Vjico + hdo)/ 

^0 ~ A A » ^0 "~ AB > 

-^0 ^0 





At 






Viic 


+ \d. 


+ 


hd,) 




A*- 






Viic + \d. 


+ 


\d.) 



Af 




» 


Vi{C2 + irf 1 


+ 


^d,) 


A^ 




1 


Viic + ^di 


-l- 


ids) 
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«i = T2 » «i = 



«2 = 7a » «2 = 



"3 ~ ^A . a3 — .g 

For Column C For Column P. 

^0 AC •> ^0 ~ J £> » 

o _YV^i±Mi±MiL c _ IT(£L±i^i±M) 

r V^(C2 + jdi + hdi) „ Ff (Cj. + id, + id,) 

^2 AC > <^2 ~" AD » 

yi2 -/I2 

c _ F3<^(<^3 + jdi + ^(fa) ^ _ Vzicz + jd-i + ^(fa) 

^3 AC • Q3 "~ ~ J £) 

-^3 -^3 

Fa/we5 0/ A. — A, to be positive, will equal E times the total 
shortening of the right hand column minus E times the total 
shortening of the left hand column. Thus, starting at the bottom 
of the building the values of A are : 

For Girders "a." For Girders "&." For Girders "<f." 

AJ = af - at + Ag, Aj = af - af + Ag, A? = af - af + A^, 
AS = 02^ - a# + a;, ^l = a2^ - af + Aj, Af = aa^ - a^ + A? , 
Ag = ai - aa^ + A^. Aj = ag^ - ai + A^ A| = af ~ aa^ + A^ 

Slopes and Elastic Lines of the Girders, — Referring to Fig. 6, a, 
pass planes naa'n, nbb^n, and ncc'n as was done in Chapter II. 
Taking moments about the points Pa, Ph, and Pd respectively the 
following differential equations of the elastic lines of the girders are 
found : 
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For girder a-2 : 

W2(b- xy 1 
^2 (6 + ei -x)\. 

For girder b-2 : 

E^ = jl^^iVt -Vi)b +(Vt-Vt +Vi -ViKb' - X) 
+ [{Si + Si)(c, + hdi) + {St + Si) ^-Mi- Mi + Mt + Mi] 



wjb^ 



-u'2[6(6'~^)+^^^^']-P2^(6+e2^)-P2^(6'-^)|. 



For girder d-2 : 

£^ = ;^{(F# - F^)(6 + 6') + (F^ - F# + F# - Vi)h' 

■^ {vt -yt ^-y^ -yi ^ n - yi){h" - x) 

+[(Si + Si + S^Kc, + hdi) + (St + Si + Si) ^ 

-Mt-Mi- Mi+ Mt + Mi + Mi\ - '^ ^ ^ 
-wl(,b+b')ib"-x)+ ^^"~^'^ -1 -Pi{b+b'+et)-Pi{b"-x) 

These expressions may be very much simplified by writing them 
as follows: 
For girder a-2 : 

Ej^,-Q2+R2{b-x)- ^j„ . 
For girder b-2 : 

E^,^Ql + Rlib'-x)-^^-^. 

For girder d-2 : 

^^^y ^^ ^^r.„ . w^ib" - xY 
E^,^Qt^R%iJ>"-x) 4^. 
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The values of Q in these equations are: 



GS = 



GS = 



■'2 



n 



Si(c2 + id,) + St ^-Mi + Mt - Pfet , 



(Si + Si)(c, +. id,) + (St+ Si) 






2 



-Mi-Mi + Mt + Mi- Ptib + e#) - ^ +iVt- Vt)b \, 



C-2=7-J 



^c^'h 



{St + 5f + 5f)(c» + ids) + {St + 5f + ^i') 

Wi{b + b'Y 



-Mi-Mi-Mi+Mt+Mi+Mi-Pt{b+b'+et)- 

+ {Vt - Vt){b + b') + {Vt -Vt + Vi - Vi)b' \. 
The values of R are : 

Pi = ji^{Vt - Vt) - Pt\ , 



i^ = 75 {(F# -Fs^ +F# -Fa^ +Ff -Fa^) - Pi -w^ib + b')}. 

Now the differential equations of the elastic lines for any other 
story may be written by merely changing the subscripts to corre- 
spond with the story. 

Integrating the differential equations of the elastic line there 
results: 
For girder a-2. 



£g=(« + i?S*)--i?sf+^^^'-^^' 



6/? 



+ Ki 



where K2 is a constant of integration. 
For girder b-2. 



dy 



E-^={Ql + Plb')x-Pi- + 
where Kl is a constant of integration. 



ac* , W2{b' — a:)' 



en 



+ Kt 
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For girder d-2. 

where Ki is a constant of integration. 
But when jc = o f or girder a -2, 

and therefore 

^' ~ ^' 6/5- 
Also, when a; = o for girder 6-2, 






and therefore 

^>-^» - en ■ 

Also, when « = o for girder d-2, 



£37= Ci. 



dy 

dx 
and therefore 



Ki^C? - 



6/J • 



Thus the slope equations for the elastic lines of the girders become: 
For girder a-2, 

dy x^ Wo(b — xY Wzb^ 

For girder fr-2, 

For girder {/-2, 
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Integrating again there results: 
For girder a-2, 

where ZJ is a constant of integration. 
For girder &-2, 

By = (CI + W f - i^lf - "-^M + {ci -%). + LI 

where Zj is a constant of integration. 
For girder d-2, 

where ZJ is a constant of integration. 

But, in all cases, when jc = o, ^^ = o hence 



* 24/r * 24/r 

and 

' ~ 24/g • 

Thus the equations of the elastic lines of the girders become : 
For girder a-2. 



For girder b-2, 



x^ o(^ w^ib' — xY /__ W2V \ w^b 



Ey = (0S + 2JS&')- -i?lT - -'^T7r,— ^\Ci--zTr]^ + 






A 



2 "6 247J ' V " 6/1/ ' 24/ 



»• 



For girder d-2, 

Equations for the Determination of the Unknowns. 

The properties and elastic lines of all members of the structure 
have now been given. The equations whose solution determines 
all the unknowns are as follows: 
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Equation A, — Referring back to page 38, equation A, in general, 
is given as follows: 

AW + a'd + dC + CD" = A"W + WV + Vi' + d'D\ 
But 

^ V, c'C Wh\ and d'P' = S X - ; 

i2« 2 



and 



aV and 6'd' = I ; 

x2« 



^"5' and C'P" = 6-^. 



There will be such an equation for each panel of the cross section 
and, in order that any one of these equations may be readily 
referred to, the equations for panels included between Columns A 
and B will be known as equations A^\ for the panels included 
between Columns B and C they will be known as equations A^\ for 
those between Columns C and D they will be known as equations -4*. 
These equations are as follows: 

Equations -4". 

«o^ - «if + 7 ict - c?) - xs = o, 
«f - 8f + 7(c# - ci) +^{.ct - cf) + xg - x; = o, 

«# - Si + T (<^i - ci) + V (^2^ - ^2*) + x; - )^ = o, 
St -si+^ {Cf - Cf) + $ {ci - ci) + xs - XJ = o. 

Equations A^, 

sS -sS+^ i.c? - Cf ) - xj = o, 
8f - «f + 7 (Cf - Cf ) + 7* (Cf - Cf ) + xs - xj = o, 

«2* - «f + 7 (Cj* - C^) + ^ (Cf - CS) + XJ - X| = o, 
si - «f + ^ (Cf - Cf ) + ^ (Cf - d) ■+ XJ - X| = o. 
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Equations A^, 

sS - Si +f (Cf - Cf) - Xg = o. 

«f - «f + 7 (Ci - c?) + 7 (cf + c?) + xg - X? = o, 

Sa*' - «? + T (<^^ - <^?) + ^ (^» - (^2) + XJ - Xg = o, 

s^ - «? +$(cf - Cf) +^{Ci - Ci) + xs - Xg = o. 

Equations B, — ^When x is made equal to 6, b\ and 6" respectively 
in the 5to/>a equations of the elastic lines of the girders above E^dy/dx 
equals C"*, C^, and C^ respectively. Now, designating equations 
B as above, i. e., 5* for girders ''a," 5* for girders ''b'* and £* for 
girders "(/,'' these equations may be expressed thus: 



Equations B* (jc « 


h). 


Ex]uations f (x — 


b'). 


Equations B* (x - b"). 






E^^ C* 




E^^ =C'' 
^dx ^" 


e'^^ - C^ 

^dx ^" 




E*^^ C^ 
^dx ^" 




E^^ C^ 
^dx ^^' 


E^^ = C^ 
^dx ''»■ 




E^^ C* 




^dx ^" 


^dx ^*- 








E^^ - C<' 
^dx ^*- 



Equations C, — ^When x is made equal to 6, 6', and b" respectively 
in the equations of the elastic lines of the girders above Ey equals 
A", A^, and A^ respectively. Now, designating equations C as 
above, i, e., C" for girders ''a,'* C* for girders '*6" and C* for girders 
d'' these equations may be expressed thus: 



it jfi 



Equations C« (««&). Equations C* (« = &')• Equations C (« = b"). 
Ey = AS, Ey = Ag, Ey = Ag, 

Ey = a;, £3^ = AL £>' = Af, 

£>' = AS, Ey = AJ, Ey = Aj, 

£3^ = AJ. Ey = A|. E^' = Aj. 
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Now, if the expressions already given for the different terms 
comprised in these three sets of equations be substituted in the 
equations there will result, even when reduced to as simple forms 
as possible, very long and forbidding equations. A systematic 
method of handling these combined expressions and the three sets 
of equations -4, 5, and C must be devised before a solution can be 
comprehensively considered. Each story contains nine unknowns, 
or three per panel; these are M^, S^y F^, M^, 5^, F^, and M^, 5^, 
M^, In addition to keeping these nine unknowns in the equations 
it is found much simpler to include also the dependent quantities 
C^, C^, C^, C^, and A«, A^ A^. The reason for this will be under- 
stood as the method becomes clear. Now, each of the expressions 
as well as each of the equations A, B and C involve more or less of 
these terms. The coefficients of these terms will in many cases 
be long expressions of known quantities and these coefficients will 
be represented in this discussion by the letters of the alphabet and 
the values of these coefficients may be readily written by reference 
to the expressions in which they occur. The most general equation 
for the nth story y which will apply to all expressions as well as all 
equations is : 

+ i^MS^i + KMS^^ + tf5^ +j^SS + KSS + l^Stx + wf5„«,i 
+ <SS^^ + o^VS + P^VS + 3^F„^i + ff F.'vi + s^C^ + ^CS 
+ v^CS + tf C„« + ul^% + ^f A» + 3f A- + P^Stx + Q^SS-y 
+ RnSS-i + (2» = Constant Term). 

In this equation Z» represents the terms whose value is to be ex- 
pressed in terms of the unknowns. Thus, for the expression for 
Cf , Z„ = C* and the exponents "Z" used with all coefficients shown 
above would be C — 5 ; therefore, referring back to the expressions 
for C (page 40) . 



in which, of course, 



6<^-» = — 
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and 






cl 



2/f 



For equations A, B, and C, Zn always equals zero and for the 
exponents "z'* the letters A, B, and C will be used respectively. 
It will be noted that S^ does not appear in the general equation 
above. This quantity is eliminated by writing 

ss = SF - s^ - ss - s^ 

since the sum of the horizontal column shears "5'' in any story must 
equal the total wind shear on a section of the building cutting these 
columns. The equations of the form given above will be called 
''symbolic'* equations and these equations are now given for all 
expressions and equations of the structure in Plates, i, 2 and 3. 

By comparing the expressions and equations, as already given, 
with these symbolic forms the values of the coefficients in the 
symbolic equations are readily found. It will be noticed that in 
the general expression covering all symbolic equations the value 
of the subscript n of Z„ will be the same as that of the same sub- 
script occurring with all terms of the equation exciept as above 
shown for the expressions for values of C, for which it might have 
been more properly written Zn+i. The values of the symbolic 
coefficients are given in Plates 4, 5, 6, 7, and 8. 

It is well now to review the process of calculation for determining 
the stresses in a building up to this point. First the values of 
w, P, F, Xj F, Cy dy by Cy A and / must be calculated and tabulated 
for each story; also tabulate values of SF on the upper portion of 
the building for each story. Use the proper subscripts and ex- 
ponents in designating these quantities. Now make blank com- 
putation schedules to conform with the blanks containing values of 
the symbolic coefficients as given in Plates 4, 5, 6, 7, and 8, only, 
under each coefficient, as an say, provide as many columns as there 
are stories in the structure, i. e.y as many as there are values of w. 
Start at the top of each column and, working downward, fill in each 
blank, making the calculations indicated in the corresponding blank 
of Plates 4, 5, 6, 7, and 8, with a Thacher slide rule or instrument 
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y/?Wf3 0fTmC0EFF/C/ENT3/NTHE5rM30UcEQUffT/0N3 



/ 



t 


an 


A 


Cn 


d 


C-ff 


Cn*If! 


o 








C-B 





C»^II? 








C-C 








Ca^IS 





C-D 











C^*IJ^ 


d-ff 


cH^eijf 











d-B 





d^m 








d-C 








di^Bjs 





d^D 











(i*zff 


fi-a 














ff-b 














H-c/ 














X-(7 














A-^ 











' 


AV 














y-ff 


t^b^MJ 


hM'^') 


h(b4Ub') 


MbMO 


y-D 


'HM»0 


-hflhMO 


'Hb*l>*bl 


^Mb4Ub^ 


a-/? 


(Cn*i(L4di££X/» 


(c^toL^M^/sr 


(c»>4A^4d)(i!^/ff 


t^i(L4d)a^Mf 


a-B 














a-C 














cc—O 


ta^ixL*td}a^/^f 


(cn*id^4ai}Ki/ip 


(cAdLAdJid^fl^ 


(cAdL^kiJdrfMt' 


L'0 


•or 


-br 


'dT 


-^ 


&I? 














AV 


ar 


A~ 


cr 


dr 


QrCf 


-A// 











Q'i? 


(-nia^ut 


('i4b:j^ik 


bdiilt 


bd^ut 


Q'(/ 


inbdilan*!^ 


Mb^2liJb:%iif 


[-j*CMk!^l/ 


(b^ibJO:^// 


R-a 


(^2^ 


tir^n 


c!:?if 


d^^if 


R'b 


al^ut 


K^ji 


d:^iit 


d::it 


R'c/ 


ci^i^ 


b:iif 


d^iif 


£^nf 


fl-a 


a* ■t'idu£^^ 


-bTidje^ 





o 


fl't> 





ttUdnlS* 


'(^idt.d.^ 


o 


ff'd 








cfiieUr 


-df^idf/icr^ 


B-a 


H^fhOlkili^^^ 


ib'mbt^ 


ib'cT 


ibliT 


B-b 


(a^MIJtibk* 


a^^JOhUlt'bS* 


((Smd^ibkicT 


Q^iu^n^nSr 


B-c/ 


(£flfjC1ilhifar 


(ISiKin-iblr 


'(SH&^ifd^cr 


lk!^a!^MZ:^^ 


C-a 


i[£fb^£lk^^£^ 


ibTti^bmbs* 


i&lt^cT 


uk^asr 


C-b 


il£illj£lll4Sk' 


io^jcib^k* 


ilt^lk£!lli^ktl>-(£' 


Hi^&^'^k* 


C'c/ 


iOKiit^^^ 


iOS^k'IC^M^lS^lt' 


HeS^&irSlhi/cHiir' 


mm^i^i^eilS^d^ 



Plate 4. 
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en 


f. 


a. 


h„ 


L 


C-fl 











o 


•<!*fjjr 


C-B 











o 





C-C 


o 














C-D 














ci*zj^ 


d-fi 














-d^en: 


6-B 

















d-C 


o 














d-P 














d^eii? 


H-a 














V 


tt-b 














-/ 


H-(/ 














-/ 


•X-a 














-b*^ 


\l> 














-^W 


A-</ 














'b*/^/ 


y-/j 

















V-D 

















a-ff 

















a-B 











o 





a-C 

















cc-D 


o 














h-ff 

















h-i> 

















At/ 

















Q-a 


Mff 











cc,»*y^hiff 


Q-/> 


0-it£!%/t 


(/'hlChvt 


-hdl^.*ui 


-idX^ 


(Cn^idhii 


Q-i/ 


/s^aJisCJi^ 


lh(b^2b)Jak/ 


[hM)ci^if 


'fi^2b)aC^// 


(cn*id)^// 


R-a 


-^'^ff 


'tSiH*!!^ 


-cl!^*/f 


-a^^ff 





R-lf 


-aCf'/jt 


-iC^rjt 


-cJ^*A* 


'd:^/jt 





/P-y 


■iC*a 


XV 


-^^/jf 


-/C^lf 





ff-a 


o 











S-fiOl-u^l^ 


ff-i> 
















ff-cf 














-ii^idj^£ii:f 


B-a 


(^l>^l>^ilk' 


ib'S^' 


i^oT 


ii!hr 


biT-it' 


8-^ 


i^i>ei:^^--i^}:* 


(m£^MJ>lr 


i^MMhr 


mtfjhibir 


nir 
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of at least equal precision. All calculations should be most carefully 
checked by an independent calculator. It will be noticed, as the 
calculations for any column of the table are made, that quantities 
once computed are referred to in succeeding calculations, e, g., 
in finding the value of o^"^ the coefficient of M^ in equation ^J, 
the quantities a^~^ and a^'^ already computed, are here used. 
These calculations will be found to be quite simple and are not 
laborious. 

Solution of the Equations of Unknowns, — ^As has been previously 
mentioned, the unknowns of the o or basement story must first be 
expressed in terms of those of the first story; then those of the first 
story in terms of those of the second story, and so on for each story 
until the top story is reached and its solution gives values in arith- 
metical units, there being no unknowns above the top story. 

Now referring to the nine symbolic equations of the o story, 
Al, Al, Al, 3%, Bl, Bl, CS, CJ, and Cj it will be seen that each 
equation contains more or less of the nine unknowns of both the 
o and first stories. Let these nine equations be now written as 
shown in the first nine equations of Plate 9. The coefficients are 
here represented by the Greek letters with a subscript which refers 
to the number of the equation in which the coefficient occurs, these 
equations being numbered from i to 9. The quantity w is used to 
represent the numerical constant together with all the first story 
unknowns of the equations; this makes the solution much more 
easily understood, since w is then treated as though it were a numeri- 
cal constant itself. Now the solution of these nine simplified 
equations is essentially the same as the elimination method used 
by Gauss in the solution of normal equations in the adjustment of 
observations. The method is given and, it is thought, explains 
itself, in Plates 9 and 10. The original equations are marked " i,'* 
thus A-a-i^ and in the successive steps of the solution the new 
forms of the equations are distinguished by numbers corresponding 
to the number of eliminations made; thus -B-a-4 represents equa- 
tion B-a-i from which Af^, Mq and Mq have been eliminated* 
In the actual solution of the nine equations it is not necessary to 
write out these successive steps, but merely to make a table in 
which the coefficients in all the equations of Plates 9 and 10 may be 
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ffa^/ a3Mo+/33Mf*r3J^ff+J3Jk'^0a5S*l^5S^Wa5?*s^%'X»l4'^■coa' <? 
3-li-/ ccsAfAjis^^^rsMS*<isJi/f*ffs:3S*^s5f-i^irs5o*esK^+'Xs)iS'* cos-ipi 
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set down as calculated. Such a table with the values of all these 
coefficients is given in Plates ii and 12. These plates are applicable 
to the solution for all stories except, of course, the coefficients in the 
first nine equations -4-a-i, A-b-i^ etc., values of which for the 
first and succeeding stories are discussed later. These calculations 
are of the very simplest kind and, with a Thacher rule, may be 
rapidly made. 

In Plate 12 the term w is expanded into its constituent terms, 
i. e.f into first story unknowns and a numerical term z. After 
calculating and tabulating the quantities as shown in Plates 1 1 and 
12 it is seen that the bottom line gives Vq in terms of the terms 
comprised in w only, i. e., in first story unknowns and a numerical 
term. Now, by substituting this value of Vq in the value of Vq 
given on Plate 10, this quantity may also be found in terms of first 
story unknowns only. Then, using this value of Vq and the above 
value of Vqj substitute in the expression for Sq in Plate 10; continue 
thus until all the o story unknowns are given in terms of first story 
unknowns and the quantities z. The values of the coefficients of 
the first story unknowns and the numerical quantities, involved in 
these values of the o story unknowns, are given on Plate 13. Thus 
for the value of Mq, the coefficient of Sf is given in the column 
headed Mq and in the horizontal row marked on the left Sf. All 
the coefficients for any unknown are given in the vertical column 
headed by this unknown. The tables on Plate 13 have also been 
extended so as to give the coefficients for the values of Ci^Cf^ Ci^ 
C?, Al Al Ai Ct Cf , C^, Cf , a;, AJ, and Aj, in terms of first story 
unknowns only. It is important to note the new symbol here 
introduced; for example w^~* with no subscript means the value 
of the coefficient of Si in the value of Aj when expressed in terms 
of first story unknowns only; also l^~^ represents the value of the 
coefficient of Sf in the expression for Vq. But quantities with 
subscripts as of~* represent the coefficients, as already computed 
in plates 4, 5, 6, 7» and 8. These new coefficients may be properly 
associated by remembering that the letters are as in the original 
symbolic equations: thus g is a coefficient of Mi, I oi Sfy m oi sf, 
etc. ; and the exponents, as A — J for instance, refer to the quantity 
for the o story in the expression for the value of which the new 
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coefficient is found. Calculating and tabulating the quantities as 
shown on Plate 13 finishes the solution for the o story. 

Now, in starting the solution for the first story to express first, 
story unknowns in terms of second story unknowns the values of 
a, j3, 7, 5, By (p, \l/y c, X, and z for the nine equations A-a-i, A-h-i, 
etc., must be found before starting the tables of Plates 11 and 12. 
The rest of the coefficients involved in the term w, i, e., the coeffi- 
cients of second story unknowns, will be as shown on Plate 12 except 
that the subscripts will be 2 instead of i. Now, referring to the 
symbolic equations Al, A\, A{, Bl B^ Bf, CJ, CJ, and C? it will be 
seen that the other quantities a, j3, 7, etc., would also be as given 
in Plates 11 and 12 with only a change of subscript were it not for 
the additional terms sf-^'Ct + it'^'Cf + Pt'^'S^ in equation 
A\, tt-'Cf + w^-*Cf + Pf-*5^ + Qt-^'S^ in equation Al ut-^C? 
+ vt-^C^ + Pt-^S^ + Qi-^S^ + Rt-^S^ in equation ^?, s?-^Ct 
+ tf-^'Cf in equation E^ if-'^C? + uf-'^C^ in equation Bl uf-^C^ 
+ vf-^C^ in equation Ef, wf-«^g + t^-^'Cf in equation CJ, x^-^Al 
+ u^-^C^ in equation CJ, and y^-^i^l + v^-^Cf in equation C\. 

Now, on Plate 13 is given the values of all these terms Cj^, Cf , 
Cf , Ci, ^0' ^0' ^nd ^0 in terms of first story unknowns only. There- 
fore the coefficients a, j3, 7, etc., in equations A-a-i, A-b-iy etc., 
may be made up as were those for C^, Cf , etc., as given on Plate 13: 
thus ai would be af"" + sf-^'e^-'^ + /f-«e^-^ + Pf-^e*"^; a^ would 
be af~" + sf-^h^-"^ + if~^h^-^, etc. In this manner the coeffi- 
cients for the nine equations A-a-i, A-b-ij etc., may be easily 
computed and then the tables on Plates 11, 12, and 13 may be 
computed up as far as the value of Ci on Plate 13 (would be C^ for 
first story). The values of C^, Cf, C^, Cf, AJ, Aj, and A? must be 
known in terms of second story unknowns before the coefficients 
a, j8, 7, etc., can be computed for starting the solution for the 
second story; just as the values of C^, Ci, Cf , Cij Ag, Aj, and Ag were 
needed for preparing for the first story solution. But, on Plate 13 
of the o story solution values of these quantities were computed in 
terms of first story unknowns, every one of these nine unknowns 
being involved. Therefore, for Plate 13, for the first and all 
succeeding stories each of the column of values from Cj* to Aj 
inclusive (would be C^ to Af inclusive for first story solution) 
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would contain nine terms for each coefficient (ten for the numerical 
term z). The method of writing the values of these coefficients 
is illustrated for C^ thus: Let the coefficients of Mi, Mf , Mf , Mi^ 
etc., under C^ of Plate 13 for the o story be now known as e^~^f 
fC-A^ gC-A^ fiC-A^ g^^^ g^j^j jg^ ^j^g coefficients of M2, M^, Mf , etc., 

in the values of Mf, Mf , etc., in terms of second story unknowns 
only, for Plate 13 for the first story solution be known, as they were 
before for the o story solution, as e^"^, /^~'*, g^""*, e^'^, /^~^, 
g^-B^ etc. Then the coefficient of M2 in the values of C^ will be 

^C-A^M-A ^JC-A^M-B ^ ^C-A^M-C ^ f^C-A^M-D ^ IC-A^S-A _|_ ^C-A 

In this manner the values of the coefficients of all the second 
story unknowns may be written for the values of the quantities 
Cf to Aj inclusive. Now the tables of values of C^ to Ag inclusive 
may be filled out; they will be as given on Plate 13 for C^ to Aj 
inclusive excepting for the change in the subscripts of the symbolic 
coefficients there given. Plate 13 as thus constructed for the 
first story solution will then be standard for all succeeding stories. 

As no example of this general structure was calculated, due to a 
lack of time, the additional plates required for the revised plate 13 
and for the revised coefficients a, jS, 7, etc., as given above, for first 
and succeeding story solutions have been omitted. They may be 
readily constructed as described above by any one desiring to 
investigate such a structure. Now the work for each story is 
merely a repetition of that for the first story, and when the top story 
is reached it is evident that w (Plate 12) will then consist of only the 
column z and the result of the tabulated calculations of Plate 13 for 
the top story gives numerical values of all top story unknowns. 
Substitution of these values thus found in connection with the 
tabulated coefficients of Plate 13 for the next lower story, gives the 
values of the unknowns for that story. This process is then con- 
tinued until the o story is reached, when all unknowns will have 
become known. In the calculations of plates 11 and 12 a very nice 
check on the calculations may be kept by using Gausses method as 
given in Chapter X of '* Method of Least Squares," by Merriman. 

Special Case of a Building of Only Two Columns to a Transverse 
Section, — ^The symbolic equations and values of the coefficients in 
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these equations for this simple structure are readily written from 
those given for the general case. These equations are given on 
Plate 14 and the values of the coefficients are given on Plate 15. 
In applying this method in later chapters the quantities H°^ and Sq 
were considered as unknowns in place of the quantities S^ in the 
formulae of Plate 14. This was due to the fact that these applica- 
tions were made before the general case and formulae were at- 
tempted. The transformed equations necessary for the solution, 
as required by this modification are given in the lower left-hand 
corner of Plate 15 and the values of those coefficients affected by the 
transformation are given in the lower right-hand corner of the 
same plate. The transformation was effected by writing 

S^ = [(2F - F^- Ft F;^i) - (S^ -Ho -Hi 

Hn-l)l 

except in the term PS^-i of equations A , in which was substituted 

Now the equations may be further simplified as follows: 

First. In equations A-a, B-a, and C-a, the last letter ''a'* of 

the exponents of the coefficients may be dropped. 
Second. Dividing all coefficients in equations A-a by /, these 

equations may, for the «th story, be written 

H, = c^M^ + l^MS + i^iS^H^ -H, ^^-i) 

+ 2^ + s^C^ + t^CS + P^Hr.-, 

in which the coefficients are, of course, different from the values 
already given, due to the operation just performed. 

Third. Dividing all the coefficients of equations B-a by il^I%, 
and all those of equations C-a by V^I6I% and then subtracting 
equations C-a from equations B-a, there results, for the «th story, 
the equation 

^n^l = O^M^ + ISMS + iS(SS -Ho-H,- Hn-i) 

+ JSH, + zS + sSC^ + tSCS + wSAn^u 
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in which the values of the coefficients are determined by the 
operation. 

Fourth. Dividing all the coefficients of equations B — a by 
6/2/2, and all those of equations C — a by b^/6Ii and then sub- 
tracting equations B — a from equations C — a there results, for 
the «th story, the equation 

+ ISH^ + tS + sSC^ + ttCS + <A»-i. 

in which the values of the coefficients are determined by the 
operation. 

When the equations A — a, B — a and C ^ a, and the coeffi- 
cients occurring in these equations, are referred to in the following 
solution, the reference is to these revised equations and their 
coefficients. 

The method used in solving these equations is now given on 
Plate 16, which, it is believed, explains itself. The Greek letter 
and other coefficients used on this plate have entirely different 
meanings from any they have had where previously used. The 
values of these coefficients are given on Plate 17. Plates 16 and 17 
are for the first three stories only. For all succeeding stories the 
solution and coefficients may be written exactly the same as for 
the second story except for the subscripts, which must agree with 
the story for which the coefficients are written. When the last 
story of the building is reached the coefficients in the lines marked 
9-10-11-13-14 and 15 may be omitted entirely and the two central 
columns of those in lines marked 6, 7, 8, and 12 may be omitted 
also; since the terms omitted are for quantities whose values are 
either already given in the previous story or they are terms or 
coefficients of terms which do not exist for the last story. 

The solution for any structure, then, consists mainly of calcu- 
lating the coefficients of Plate 17. For this purpose calculation 
sheets are ruled up in a form corresponding to Plate 17 and in each 
blank space the calculations for the coefficient found in the corre- 
sponding space of Plate 17 are inserted, these calculations being 
made by slide rule. Plate 17 must be kept constantly in view 
during calculations. 
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Writing out the equation represented by the coefficients in line 
12 of the last story gives 

where the «th is the last story; but there are no terms M^^^ and 
Mj^i, hence the coefficients jSj* and 7^* may be omitted as mentioned 
above and the equation may be written 

Sq — Hq — Hi — • • • — Hn-i = cy« Hn + 5„ . 

Now, from the principle that the sum of the horizontal forces acting 
on a section must equal zero, a vertical section being taken so as 
to cut through all the floor girders of the structure and, the portion 
of the building on the right of this section being considered, 

Sq — Hq — Hi —-...— Hn+i = Hn — SF^. 

Hence, making this substitution in the equation above 

which gives the value of Hn- Now, starting at the bottom of the 
tabular computations and using this value of Hn, find, in the last 
story, the values of M^ and M^. Then, using these values of 
Hn, Mn and M^, in the next to the last story deduce the values of 
all quantities whose coefficients have been tabulated for this story. 
Again, using the values thus found for Hn-i M^-i, and M^-i 
evaluate similarly the unknowns of the story below. This operation 
may be repeated until the unknowns for all stories have been 
evaluated. 

Checks, — ^The following checks may now be applied. 

First. After all values of H and Sq are computed see if the con- 
dition given above, i. e., 

■ « 

Sq — Ho — Hi — • • • — Hn-i = Hn — SF^, 

is satisfied. This condition may be satisfied and yet all results 
may be very far from the true solution. 

Second. The conditions forming, when expressed symbolically, 
equations A are simple geometrical ones and must be fulfilled for 
every story. 
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This is indeed a very delicate check and, when satisfied for 
all stories, assures that the calculations for all quantities are free 
from error, with the possible exception of the quantity A, the 
coefficients for which are so small. 

Third. When there are a large number of stories it will be very 
advisable to use a check calculation in connection with Plate 17, 
somewhat similar to that used by Gauss in solution of normal 
equations. This will enable the calculator to check his work at 
each story as it progresses. 

The check on the values of H is given first because, for a few 
stories only, it is naturally the first check available. The second 
is the real check of them all. If desired, the values of C^y and C^ 
may be evaluated from their original expressions using the values 
of Hj M^y and M^ found in the solution. Likewise any other 
condition of the problem may be tested, but if the second check is 
fully satisfied these extra checks are unnecessary. It is well to 
note that all the calculations necessary may be quite accurately 
made on a Thacher slide rule, for the most part without any scratch 
figures not shown in the blanks. Calculations for various loadings 
differ only in the fourth column of Plate 17. 



CHAPTER IV. 

A STUDY OF THE EFFECT OF ECCENTRIC LOADING ON COLUMNS. 

This little chapter is introduced in order, first, to present the 
results arrived at by the late Professor A. H. Heller in *' Stresses in 
Structures'' in what is considered a more comprehensive manner, 
and, second, to give a simple application of the general systematic 
method of solving the stresses in a structure composed of several 
stories. No new conclusions are pointed out here and the reader 
is referred to Chapter VII, IX, and XVI for original calculations 
and conclusions. 

The equations of the elastic line for any section of the column 
shown in Fig. 7, a, will, in general, be the same as those given on 
page 39 of Chapter III. (Compare Fig. 6, b,) These equations are 

dx^ I /^' dx I^ 2/^ "^^' 

Ey = —^x^ - ~x^ + Kx + K'. 
•^2/6/ 

The column taken as an illustration for this chapter is a five 
story one. Fig. 7, a, with eccentric loads on the same side of the 
column at every floor. The column is considered as of constant 
moment of inertia from top to bottom. This column may be 
regarded as one of two symmetrical columns of a two column cross 
section symmetrically loaded, the two columns being joined by 
shallow girders which are considered as pin connected. The 
arrows. Fig. 7, a, indicate the assumed direction of the axial stresses 
in the girders; any stress coming out negative in the solution must 
act in a direction opposite to that shown. Assuming that the 
girders do not change in length under stress, a vertical line through 
the foot of the column will pass through all the intersections of 
girders with the column, i. e., 5 = o, for each column section. Also 
assume the column to be held vertically at the anchorage. Con- 
sider the column section for each story as having a separate origin 
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of coordinates at the foot of the column section. Then, as in 
Chapter III, K = C^ and K' = o and the column slopes and 
deflections may be written as follows: 

Ex Column Slopes. Ex Column Deflections. 

Co = 0, do = "~T~ "" "FT ~ ^' 

_MoCo Socl M^c\ SA,r -^ 

C2 = ~7 "77" -r Ci, 02 = —7 "77" "T ^2^2 = O. 

/l 2/1 2/2 6/2 

I2 2/2 

The column bending moment existing just above the top of the 
«th story is Mn+i which must equal — SnCn + Mn + JPnen' These 
equations may be written for all values of n as follows: 

Mn — SnCn = Mn+1 — FnCni 
Mq — 5oCo = Ml — Po^o, 

Ml — SiCi = M2 — PiCu 
M2 — SiC-i = Mz — P^e^, 

Now, rewriting the three sets of equations above symbolically 
using coefficients corresponding to Chapter III as nearly as may be, 

Equations C. Equations b, 

Co = O, jjAfo + ij5o = O, 

Ci = aSM^ + iSSo^ ajMi + i^S^ + ^JQ = o, 

C2 = af Ml + tf5i + Ci, j|M2 + 4S2 + 5«C2 = o. 

C3 = a2^M2 + ia^'-^a + C^. 

Equations M, 
Mo + i^So = Ml + 2^, 
M, + ifS, = M^ + zf , 
Ma + i^Si = M3 + zf . 
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The values of the coefficients in the above equations are: 



Equation. 


On' 


in. 


Jn. 


Zn- 


c 
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Cn "'* In 
Cn» -^ 2/n 




- Cn* -5- 2/n 

- Cn« -¥ 6/n 
-Cn 


1.0 

Cn 






-p««« 



5o =a. 



oMo + i^o. 



Mo = aiMi + iSi. 



These equations are now solved as follows (cf. Chapter III, 
Plate 1 6) : 

From equation 5o 

Substituting this value of Sq in equation Ci 
Substituting this value of 5o in equation Mo . 

Substituting this value of Mo in above value of Sq Sq = a\Mi + j^i. 

Substituting this value of Mo in above value of Ci Cj = al'Mi + jSj . 

Substituting this value of Ci in equation 5i •^i = «i"-^i+i^i"» 

Substituting this value of Si and Ci in equation C2 C2 = ai^Mi+jSj^. 

Substituting this value of Si in equation Mi Mi = ^2^2 + i^2» 

Substituting this value of Mi in above value of Si Si = a2^2 + 02* 

Substituting this value of Mi in above value of C2 C2 = 0:2^2 + ^2* 

Substituting this value of C2 in equation 82 S2 

Substituting this value of ^2 and C2 in equation Cz C3 

The solution may thus be continued as above for all succeeding 
stories. In this solution the Greek letter coefficients have the 
following values. 

Values of Greek Letter Coefficients. 
Zero Story. 



n 






5o 
Ci 


Oo' = Oo* 4;*o*«o 


/3o =0 

/3o' =0 



First Story, 



Mo 


ax = 1 -^ (1 + io^ao) 


^1 = 2oAf ^ (1 + toAfoo) 


5o 


ai' = cufiLx 


iSi' = ao/3i 


Ci 


OL\* = CKo'ai 


/3i" =ao'i8i 


5i 


ai'" = (_ ai« _ 5,«ai") ^ jji 


iSi'" =» - 5i«/3i" ^ ii« 


c, 


ai*^ = ax^ + ii^ai'" +ai" 


iSi*^ =*iW+/3i" 



Second Story 



Ml 


a, = 1 ^ (1 + ixMaxn 


fit = (21^ - ii^fiin 

- (1 + ii^ai"') 


5i 


at' ^ax"'ai 


/32' - /3i'" + ai'"/32 


c, 


at" ^ax'^at 


i82" = iSi*^ + ai^^/?! 


52 


at'" = (- a,« - 52 W) -S- i2« 


/3.'" = - 52%" ^ f2« 


c, 


aji^ = a2* + *2'«2'" + at" 


i82^^ = *V/32'" + /32" 
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The values of these coefficients for all other stories will be the 
same as for the second story if proper values are assigned to the 
subscripts in place of those given. 

Application of Theory, — ^The following example will be taken 
to illustrate the application of this method of solution, as well as 
to furnish data for discussion. 

Assume the column five stories in height, all story heights, c, 
equal to lOO in., and the moment of inertia of the column section 
constant for all sections and equal to i,ooo"*. Also assume, the 
eccentric loads P to be 10,000 ft) each and their eccentricities, e, 
all the same and equal to 10 in. The following table gives the 
values of the symbolic coefficients a, i, 5, and z. 









Story. 






Ofi^fRrl^nt 

















z 


3 


3 


1 4 


a« 


0.1 


0.1 


0.1 


0.1 


0.1 


a« 


5.0 


5.0 


5.0 


5.0 


5.0 


aAf 

















»« 


-5.0 


-5.0 


-5.0 


-5.0 


-5.0 


i« 


-166.67 


-166.67 


-166.67 


-166.67 


-166.67 


iM 


-100.00 


-100.00 


-100.00 


-100.00 


-100.00 


S^ 


1.0 


1.0 


1.0 


1.0 


1.0 


5« 


100.00 


100.00 


100.00 


100.00 


100.00 


Si^ 

















s« 

















zi 

















ZM 


-100,000 


-100,000 


-100,000 


-100,000 


-100,000 



Of course, for those stories where loads are left off z will be o. 

The solution is now made for the following cases: 
Case I. — Load P4 only. 
Case II. — Loads P4 and Pz only. 
Case III, — Loads P4, Pz, and P2 only. 
Case IV, — Loads P4, Ps, P2, and Pi only. 
Case V, — Loads P4, P3, P2, Pi, and Pq, 

The solutions for all five cases are given in the following table 
which, in form, corresponds to the table of Greek letter coefficients. 
The first and second column under each case gives values of a 
and jS, while the third column gives values of the quantities 5, Af , 
and C, as shown in the corresponding lines at the left of the table. 
The third column, in each case, is calculated from the bottom up 
because 5*4 will be the first quantity found and will be determined by 
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S4, = i^i, since, in the equation ^4 = a^M^ + jSg, ikfg = o as there 
is no restraining flexural influence at the top of the column. The 
column a will be the same for all five cases since a is independent 
of the type of loading; this column is therefore only given once. 
As will be noted frequent checks are obtained in the last column 
in each case. The calculations are as follows. 
JkfJ represents the bending moment just below the load P4. 

Now, by combining the results above four other important cases 
are secured as follows: 

Case VI, — Load Pq only — by subtracting Case IV from Case V. 
Case VII, — Load Pi only — by subtracting Case III from Case IV. 
Case VIII, — Load P2 only — by subtracting Case II from Case III. 
Case IX, — Load P3 only — by subtracting Case I from Case II. 
Figs. 7, by show the bending moment diagrams and the deflection 
curves (values of Ey) for all nine cases, to scale. 
Scale for bending moments i in. = 240,000 in. lbs. 
Scale for Deflections {Ey) 1 in. = 80,000 in. 

The values of M, 5, H, and C for all cases are given in the follow- 
ing table. Figs.. 7, J, clearly show the fact that the effect of the 
eccentric load is very small at points two or more stories away 
from the load. 

Present Practice in Designing for Eccentric Loads. 

Class A Buildings, — Referring to Fig. 5, a, of Chapter II, suppose 
the structure there shown to have diagonal bracing and it is desired 
to design the two story column section marked '^AAJ' Evidently 
the lower or second story portion of the column will receive the 
heaviest load and the axial stress in this portion will consist of the 
dead, live, and wind loads from above plus the column weight and 
fireproofing for the second story. 

The eccentric load P^ would be considered as producing, at the 
point marked "x" on the extreme outer fibre, a unit compressive 
stress equal to PnCnV/I and the effect of all other eccentric loads, 
above or below, on the design of this column section is regarded 
as nil. 

Class B Buildings. — ^As was shown in Chapter II, if the girders 
are considered rigid (and this is the assumption made in designing 
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practice) the column can receive no bending moment from eccentric 
loading, no matter how large the load or its eccentricity, i. e,, the 
column is designed for axial stress arid bending due to wind only. 

Conclusions Pointed Out by Professor Heller and 

Verified in this Chapter. 

First. The maximum moment for eccentric loads on a column 
will always occur for a load at the roof line and there equals Pe 
(considering all loads and eccentricities as equal). 

Second. For equal loads with equal eccentricities at all floors, 
the bending moment approaches the constant value JPe for floors 
about three stories or more from either top or bottom of the building. 

Third. For a single load at any point, the bending moment in 
the column passes from a value of about ^Pe just above the load, 
through zero, to a value of approximately — ^Pe just below the 
load. 

Professor Heller's figures are based on a column hinged at the 
anchorage. His results agree very well with the results here given, 
based on a column fixed vertically at the anchorage. 
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CHAPTER V. 

A STUDY OF THE EFFECT OF HORIZONTAL AND VERTICAL LOADS 
ON A SINGLE PLATE GIRDER PORTAL. BY THREE METHODS. 

In this chapter two portals of extremely different proportions 
are investigated. One of these is a high portal with comparatively 
large columns and a very light shallow girder, the other is a low 
portal with light columns and a deep rigid girder. These two 
extremes were chosen in order to compare the theory based on rigid 
girders with ' that based on an entirely elastic structure. The 
stresses and distortions are first calculated for each portal on the 
assumption of rigid girders; then these quantities are calculated by 
the methods given in Chapter III. Finally each structure is treated 
as an arch of variable moment of inertia and the stresses calculated 
by Howe's summation method. (See **A Treatise on Arches,*' 
by M. A. Howe.) The two portals will be referred to as Pi and P2, 
Pi being the tall one. The properties assumed for each portal are 
given as follows: 
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Stresses and Deformation — Rigid Girders. 

Portal Pi. — For Floor Load Wa Only, — The total floor load will be 
W06 = 300 ft) X 200 in. = 60,000 ft). Referring to Chapter H, 
by symmetry 

h^ = — h^ = 100 in., X = 60,000 X o = o; Y = 60,000. 

60,000 



5 = 0, p 



= 1,500 ft) per sq. in.. 



20 + 20 
Vq = V^ = 1,500 X 20 = 30,000 ft). 

S^ = 5o^ = o 
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and hence Ho = o. 

Mt = MS = o, 

hence the column receives no bending. 
Girder stresses, 
top flange, 

Ti>r • V. ^^ 300 X ioo2 

Max. compression = 30,000 X = 75iOOO lb 

{x = 100 in.), 

Max. tension =0 (oc = o in. and x = 200 in.). 

bottom flange. 

Max. tension = 75,000 K) {x = 100 in.), 

Max. compression = (oc = o in. and x = 200 in.). 

The girder does not deform (by assumption). The columns do not 
change in length (by assumption). 

For Wind Load Fo Only. — h^ = — A^ = 100 in. as above; 

X = 10,000 X no = 1,100,000 in. K); F = o. 

1 1,100,000 

5 = + — — = =- = + 2.75 lb per sq. m. 

20 X loo^ + 20 X loor 

p = o; 5"* = — 2.75 X 100 = — 275 ft) per sq. in. = — s^. 

^^ = - ^^ = - 275 X 20 = - 5,500 ft); 

r.A r^O 1,000 ^ 

Sq = S^ = X 10,000 = + 5,000 ft); 

" " 2,000 "^ 

hence 

Ho = Si = + 5,000 ft); 

200 
Mg^ = MS = 5,000 X = + 500,000 in. ft). 

Max. column compressive fibre stress 

500,000 X 7-00 «. . 

" -^ Tooo "*" ^^^ " ^'^^^ "^ ^^^ " ^'^^^ P^^ ^' ^^• 

Girder stresses, 

top flange, 

Tv/r • 5>ooQ X 200 «. / N 

Max. compression + 5,000 = 30,000 ft) (:x: = o), 

40 
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TIT . ' 5>5oo X 200 

Max. tension 30,000 = 25,00010 (:!c = 200in.). 

bottom flange, 

TIT . • 5>ooQ X 240 

Max. tension — 5,000 = 25,000 lb {x = o), 

40 

5,500 X 200 
Max. compression 25,000 = 30,000 ft) 

(x = 200 in.). 
The girder does not deform. 
For the columns 

_ . .B I StOOO X 200^ 

^« = ^? = + 12,000 + 3,333,333. 

Portal P2 — For Floor Load wq Only, — ^All calculations for portal Pi 
hold also for this portal excepting only those for girder stresses. 
These girder stresses will be 20/50 times those given for Pi, since 
this is the ratio of the two girder depths. The girder stresses are 
then 

For top flange, max. compression = 0.4 X 75,ooo = 30,000 ft). 
Max tension = o. 

For bottom flange, max. tension = 0.4 X 75,ooo = 30,000 ft). 
Max. compression = o. 
For Wind Load Po Only. — 

h^ = — h^ = 100 in.; X = 10,000 X 75 = + 750,000 in. ft); 

F = o. 

s = + = =■ = + 2.50; /> = o. 

15 X ioo2 + 15 X ioo2 

5^ = — 2.50 X 100 = — 250 ft) per sq. in. = — s^. 
V^ = - V^ = - 250 X 15 = - 3,750 ft); 

CQQ 

Sq = S^ = X 10,000= + 5,000 ft); 

" " 1,000 "^ 

hence 

Ho = S^ = + 5,000 ft). 

M^ = Mg = + 5,000 X 50 = + 250,000 in. ft). 
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Max. column compressive fibre stress 

250,000 X 7 00 , , «. . 

"" •/ ^^ 1" ^50 = 3.500 + 250 = 3,750 ft) per sq. m. 

Girder stresses, 
top flange, 

Tv/r • 5>ooo X 100 

Max. compression, + 5,000 = + 10,000 u> 

(x = o), 

n/f ^ • 3>750 X 200 

Max. tension, 10,000 = + 5,000 m (x = 200). 

bottom flange. 

Max. tension, 5,ooo = + 5,000 ft) (x = o), 

100 ^ 

Tv/r • 3,750 X 200 

Max. compression, — 5,000 = + 10,000 lb 

{x = 200). 
The girder does not deform. For the column. 



^A ^B . 5»ooo X 100^ , ^ 

^» = ^« = + 6.000 = + «33.333. 

Stresses and Deformations — Entire Structure Elastic. 

Portal Pi (both loadings calculated separately but in the same 
table) .^Referring to Plate 15, the values of the symbolic coeffi- 
cients become as shown on page 91. 
The simplified equations are: 

Ho = a^M^ + btMS + itSE + zt 
o = a^M^ + hiM^ + iSSS + l^H, + zS. 
o = aSM^ + hSMS + i^SS + iSHo + zS. 

Note that, although Si = Oj the coefficient "/o" was carried in 
the solution. Now, referring to Plate 17, the solution for the 
unknowns Cf , Cf, Ag, Sq and Sq is made by filling out calculations 
corresponding to the values given in the blanks of this plate, 
using the coefficients given in the above table in so doing. For 
coefficients of CJ^, Cfj and Ag use those given in the upper part of 
the above table excepting where other values of the coefficients are 
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shown in the middle part of the table under * Coefficients for 
Transformed Equations," when these should be used. For the 
coefficients in Equations -4,5, and C, use the "Final Coefficients" 
as above given. The tabular calculations corresponding to Plate 17 
are as shown in the table on page 92. 

Now, referring to the "Solution" on Plate 16 and using the coeffi- 
cients in the above and preceding table, the values of the unknowns 
are deduced for each loading as follows : 



But 
hence 



For Wind Load Fq Only, 
S^ = + 0.04135H0 + 4757- 



Hq = Sq , 



0.95865? = + 4»757 or 5? = + 4^965 ft) = i^o, 
M^ = — 2.658 Hq + 586,000 = + 572,800 in. ft), 
M^ = + 2.655 Ho + 553,500 = + 566,700 in. ft), 
C^ ^ + 0.2954 Hq + 12,340 = + 13,807, 
Cf = - 0.296 Ho + 15,560 = + 14,090, 
Aq = + 0.0003 Ho + 100,900 = + 100,900, 
S^ = SF - 5? = 10,000 - 4,965 = + 5,035, 
^ ^ 57£:8oo ^ 

5,035 
566,700 

d^ = + 20.0 M^ - 1,333-3 S^ = +4,742,700 in., 

5? = + 20.0 M^ + 1,333.3 S^ - 13,333,333 = +4,714,000 in., 
Xg = — lo.o Sq + 100,000 = + 49,650 in., 

V^ = + 0.005 ^0 + 0.005 M^ — 10,500 = — 4,802 ft) = — F^, 
a^ = + 0.0525 M^ + 0.0525 M^ - 110,250 ft. 

= - 50,427 in. = - a%. 

Girder Stresses. 
Top flange: 

Max. comp. = -V/^o — TU^o + i^o = + 26,710 Hb {x = o in.). 
Max. tens. = -Vf"5? — ^SjM^ = + 21,315 ft) {x = 200 in.). 
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Bottom flange: 

Max. tens. = ^i^^S^ - sV-^o - i^o = + 21,745 ft) (x = 0), 
Max. comp. = ^^Sq — ^^M^ = + 26,280 ft) (:j[; = 200 in.). 

Max. Compressive Column Fibre Stress. 

^ ^ , . 572,800 X 7'QQ 4.802 

For Col. A = = 4,010 — 240 

1,000 20 ^ ^ 

= + 3»770 ft) per sq. in. 
This occurs at the inside bottom fibre. 

17 r- 1 72 566,700 X 7'00 4>8o2 

^^^ ^^'- ^ = T:^ + -^ = ^'9^7 + 240 

= + 4,207 ft) per sq. in. 

This occurs at the outside bottom fibre. 
Check. 

Using the geometrical check of Equation A, 



^o+-^ct -K = +4,831,120 

^o+jCf = + 4,854,900 



checks. 



For Floor Load Wq Only, 

Si = + 0.04135 Ho + 4,485. 
But 

Ho = Sq , 

hence 

0.9586 Si = + 4,485 or Si = + 4,680 ft) = iJo, 



M^ = — 2.658 Ho — 312,800 = — 325,200 

Mi = + 2.655 ^0 + 312,500 = + 324,900 

Ct = + 0.2954 Ho + 27,140 = + 28,524 

Ci = — 0.296 Ho — 27,200 = — 28,584 

^S = + 0.0003 iJo + 31.5 = + 33. Should be o, 

Si = - Si = - 4,680 ft), 

vA vB 325,050 , ^ 

^0 =^0 =7;6to"=+^9-4^^' 



Average 

= 325,050 in. R), 

' Average = 28,554, 
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8^ = + 20.0 M^ - 1,333-3 5^ = - 261,000 in., 

5^ = + 20.0 M^ + 1,333-3 S^ = + 261,000 in., 

Xg = — lo.o Sq = + 46,800 in., 

V^ = + 0.005 M^ + 0-005 M^ + 30,000 = + 30,000 lb = + F^, 

a^ = + 0.0525 M^ + 0.0525 M^ + 315^000 

= + 315.000 in. = + af . 

Girder Stresses. 
Top flange: 



200^^ I ,^^ . 100,,^ ze;oioo2 

Max. comp. = S^ — — Mq H Vq — — 

^ 20 ** 20 ** 20 ** 2 X 20 

= + 44,450 H) {x = 100 in.), 

Max. tens. = - ^V"^^ + ^k^o = + 30,550 ft) 

(x = o in., ex; = 200 in.). 
Bottom flange: 



220^. I ,^. . 100,^. zt^oioo^ 

Max. tens. = 5^ M^ + F^ - -7; — 

20 " 20 " 20 " 2 X 20 

= + 39»770 ft) (:x: = 100 in.), 

Max. comp. = - ^-^o + ^^0 = + 35»230 ft) 

{x = o in., €X = 200 in.). 
Max. Compressive Column Fibre Stress. 

_ ^ ,. . (200 5^ ~ M^)7,oo 30,000 

For Col. A = H 

1,000 20 

= + 4t277 + 1,500 = + 5»777 tt> per sq. in. 

This occurs at the inside top fibre. 
For Col. B, 

Same as for Column A, 
Check. 

Using the geometrical check of Equation Ay 

A. x^^ r'A x« ^-1 Considering the large quantities 



5^ + — Cf - Xg = - 22,260 
80 +-fC^ = - 24,540 



involved and the slide rule 
work (18 in. Mannheim) this 
checks. 



Portal P2 (both loadings calculated separately but in the same 
table). — Referring to Plate 15, the values of the symbolic coeffi- 
cients become: 
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Now, proceeding as described for the Portal Pi, the tabular 
calculations corresponding to Plate 17 are as given In the table on 
page 97. 

Now, referring to the "solution" on Plate 16 and using the 
coefficients in the above and preceding tables, the values of the 
unknowns are deduced for each loading as follows: 

For Wind Load Fq Only. 
S^ = + 0.0997 Ho + 4,420. 



But 

^ - % , 



Ho = SF' 



hence 

0.9003 5^ = + 4,420 or 5^ = + 4»9I5 R) = Ho, 
M^ = — 3.606 Ho + 286,500 = + 268,780 in. R), 
M^ = + 3.604 Ho + 241,500 = + 259,220 in. R), 
Ci = + 0.276 Ho + 1,500 = + 2,860, 
Cf = — 0.276 Ho + 4,100 = + 2,740, 
Ag = o Jfo + 60,167 = + 60,167, 
5^ = SF - 5^ = 10,000 - 4,915 = + 5,085 R), 
268,780 

259,220 

-X^o = = + 52.75 in., 

4,915 ' ^ /^ 

d^ = + lo.o ikf^ - 333-33 5^ = + 992,800 in., 

di = + lo.o Mf + 333.33 S^ - 3»333»333 = + 953»900 In., 

Xo = "" 8.0 5^ + 80,000 = + 39,320 in., 

V^ = + 0.005 M^ + 0.005 M^ - 6,250 = - 3,610 ft) = - F?, 

a^ = + 0.0417 ikf^ + 0.0417 M^ - 52,083 

= - 30,065 in. = - a§, 

Girder Stresses. 
Top flange: 

Max. comp. = \Y^o - tuM^ + jFo = + 9J94 ft) (^ = oin.) 
Max. tens. = ^^Sq — zt^o = + 41^46 ft) (jc = 200 in.). 

Bottom flange: 
Max. tens. = ^^-^^ - -h^o - ^^0 = + 4,879 ^ {x = o in.), 
Max. comp. = ^^-S^ — -^V^^ = + 9,5^^ K> (^ = 200 in,). 
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Max. Compressive Column Fibre Stress. 

268,780 X 7.00 3,610 
For Col. A = = 3,763 — 241 



500 



15 



= + 3»522 ft) per sq. in. 



This occurs at the inside bottom fibre. 



T? I- 1 D 259,220 X 7'QQ , 3>6io ^ , 

For Col. B = + = 3,629 + 241 

500 '15 o, ^ I -t 

= + 3,870 ft) per sq. in. 

This occurs on the outside bottom fibre. 
Checks. 

Using the geometrical check of Equation A^ 



5o + - Cf - XJ = + 1,025,000 in. 



«o^ + fcf 



= + 1,022,400 in. 



checks. 



But 
hence 



MS 
St 



xt 



X;f 



For Floor Load wq Only, 
S^ -= + 0.0997 Ho + 4,518. 

Ho = Sq ; 

0.9003 5^ = + 4>5i8 or 5^ = + 5,020 ft) 
= — 3.606 Ho — 175,700 = — 193,800 in. ft), 
= + 3.604 Ho + 175^650 = + 193,800 in. ft), 
= + 0.276 Ho + 10,040 = + 11,425, 
= — 0.276 Ho — 10,040 = — 11,425, 
= o iJo + o = o, 
= - 5^ = - 5,020 ft), 

= XB = 193^ = + 38.62 in., 



==H 



0, 



5,020 

+ lo.o M^, - 333.33 S^ = 
+ lo.o M^ + 333.33 S^ = 
— 8.0 5^ = + 40,160 in.. 



— 264,700 in., 
+ 264,700 in., 
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Vq = + 0.005 M^ + 0.005 ^0 + 30,000 

= + 30,000 lb. = + F^, 
oq = + 0.0417 Mq + 0.0417 M^ + 250,000 

= + 250,000 in. = + cxq. 

Girder Stresses. 
Top flange: 



100^^ I ,^. 100,^. woiod^ 
Max. comp. = S^ M^ + V^ — ——, — 

^ 50 ^ 50 ° 50 ® 2 X 50 

= + 23,836 ^ {x = 100 in.), 

Max. tens. = - ^0^-5^ + ^V^o = + 6,164 R) 

{x — o in., ex = 200 in.). 

Bottom flange: 

150 ^. I ,^. , 100 „. tt^oIOO^ 
Max. tens. = ^^ 5^ M^ -\ F^ - 



50 " 50 " 50 " 2 X 50 

= + 18,816 ft) (ac = 100 in.), 

Max. comp. = - ^^"5^ + -h^S = + ii^^H »> 

{x — o in., €X = 200 in.). 

Max. Compressive Column Fibre Stress. 

^ ^ , . (100 S^ - M^) X 7-00 30,000 

For Col. A = 

500 15 

= 4»3i5 + 2,000 = + 6,315 ft) per sq. in. 

This occurs at the inside top fibre. 
For Col. B, 

Same as for Column A . 
Checks. 

Using the geometrical check of Equation A^ 



5^ + -' Ct - Xg = - 19,235 in. 
5f +-f Cf = - 20,925 in. 



Considering the large 
quantities involved this 
checks. 



The Arch Theory Applied to Portals Pi and Pi, — ^As has just been 
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shown, the effect of the floor loads in producing bending moments in 
the columns is very large. These results were so large and con- 
sidered so important that it was decided to test the theory of 
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Chapter III by computing the quantities 5^, the "thrust of the 
arch/' by the theory so well developed by Professor Howe, for the 
floor load w^ only. Adapting his formulae for a fixed arch, to the 
present case, the value of S^ is given thus: 
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(I - *)2S 



xyAs 






On — 






X2 



^yAs 



y*Aj 



.!l 



yAsY 






In which a = ^J, where ^ is a decimal fraction, a being the value 
of X, measured from the left support, corresponding to the single 
concentrated load producing Sq, 

In making the calculations the uniform floor load is divided into 
ten equal parts, each part then being considered as a concentrated 
load applied at its center of gravity. Figs. 8, a and J, show the 
subdivisions of the portals for the calculations which are given in 
the following tables. 
Portal P I, — For Total Uniform Floor Load of 60000 lbs. 

Substituting in the equation for Sq the values in the tables 
given on pages 103 and 104 we find: 
For load P at 5, 

0.95 X350+0.05 X2,835.o 

75.00 



5^ = P^ 



- (0.95 X0.1667+0.05 X 13.5) X 



0.5667 



(75:00)2 
^"'599 - ^:^ = 2,679 

For load P at 6, 

" 0.85X140.0+0.15X2,240.0— (0.85 



= 0.0242P. 



S^ = P] 



X0.6667+0.15X 10.667) X 



75-00 
0.5667 



2,679 
For load P at 7, 

0.75 X3150+0.25 X 1 ,715-0 



= 0.0628P. 



5o^ = P^ 



- (0.75 X 1.500+0.25X8. 167) X 

2,679 



7500 
0.5667 



" = 0.0920P. 
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For load P at 8, 



SS 



= P 



0.65 X 560.0+0.35 X 1 ,260.0 

- (0.65 X2.667+0.35 X6.000) X 



75»QQ 
0.5667 



2,679 



" = 0.1112P. 



For load P at 9, 



OB 

^0 



= P-^ 



0.55X875.0+0.45X875.0 

- (0.55 X4.167+045 X4.167) X 



750Q 
0.5667 



" = 0.1208P. 



2,679 



For all loads on, 



S^ = 2(0.0242 + 0.0628 + 0.0920 + 0.1 1 12 + o.i2o8)P 

„ ^ 60,000 ^ 

= 0.8220P = 0.8220 X = 4,930 U). 

10 ^^"^ 

The value of 5f , by the method of Chapter III was found to 
be 4,680 ft). 

The arch formula used does not consider the effect of the axial 
thrust. 
Portal P 2. — For Total Uniform Floor Load of 60000 lbs. 

Substituting in the equation for Sq the values of the tables 
on pages 106 and 107 give: 
For load P at 5, 



r 0-95X5.0+0.05X405 



5o^ = Pi 



— (0.95 Xo.040+0.05 X3-240) X 



23.750 
0.440 



(23.750)2 



= O.O245P. 



For load P at 6, 



5o^ = P 



0.85X20.0+0.15X320 

- (0.85 X0.160+0.15 X2.560) X 

580 



23.750 
0.440 



^ = 0.0637P. 
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For load P at 7, 



S1?=P 



0.75X45.0+0.25X245 

- (0.75 X0.360+0.25X 1.960) X 



23.750 
0.440 



580 



J 



= 0.09315?. 



For load P at 8, 

0.65X80.0+0.35X180 



SI" = P 



- (0.65 Xo.640+0.35 X 1 .440) X 



23750 
0.440 



580 



= 0.11275P. 



For load P at 9, 



S^ 



= P 



0.55 X 125.0+0.45 X 125.0 

- (0.55 X 1 .000+0.45 X 1 .000) X ?^^^ 
0.440 



580 



= 0.1224P. 



For all loads on, 



5^ = 2(0.0245 + 0.0637 + 0.09315 + 0.1 1275 

60 000 

+ O.I224)P = O.8330P = 0.8330 X — = 4,998 ft). 

The value of 5^, by the method of Chapter III, was found to be 
5,020 ft). 
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Thus the arch theory checks the methods developed in Chapter III 
very nicely. The table on page 109 shows a comparison of the 
stresses and deformations for the cases worked out in this chapter. 
In addition to this table, Figs. 9, a and b (page 108), are drawn to 
scale to compare the deformations of the structure. 



CHAPTER VI . 

A STUDY OF THE EFFECT OF WIND PRESSURE ON AN ELASTIC 
PORTAL BRACED BUILDING — WITH COMPARISONS. 

The five story, two column, structure designed in Chapter II is 
now to be investigated in this and the three succeeding chapters 
by the methods of Chapter III. As was mentioned in that chapter 
and demonstrated in Chapter V, for any given structure the sym- 
bolic coefficients, with the exception of ''2;,'' and the solution of 
Plate 17, with the exception of the fourth column, are entirely 
independent of the loading. Therefore, by providing only a few 
extra columns in the tables of this chapter the values of the symbolic 
coefficients and the solution of Plate 17 may be most conveniently 
given here for all the loadings. The calculations for eccentric 
column loads alone (Chapter IX) will be made by combining the 
calculations of Chapter VII and VIII. These tables in this chapter 
then will provide for the following loadings: 

(a) Wind load only on face A . 

(6) Floor and eccentric column loads combined. 

(c) Floor loads only. 

Wind loads will be taken as used in the design. Chapter II. 

Floor loads will here be taken as uniformly distributed over the 
girders instead of being concentrated at the beam connections. 
They will be considered as extending only to the centres of the 
columns and the unit floor loads of Chapter II will be used. 

Eccentric column loads, and their eccentricities will be taken 
as given in Chapter II, exclusive of the floor loads and weight of 
columns and fireproofing. 

The structure will be computed first by the methods of Chapter 
III ; then a comparison will be made with the results by the methods 
of Chapter II for which, of course, the loadings as modified above 
are to be used. 

The properties of the structure and the values of the loads are as 
given in the following table. 

Ill 
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Using the quantities in the above table the vsilues of the symbolic 
coefficients as given in Plate 15 are as follows: 
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Values in the Final Simplified Equations. 
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The solution corresponding to Plate 17, for all loadings is now 
given in the following tables. The tables give the results of every 
slide rule calculation and, as will be seen, the results are quite 
accurate. A Thacher rule was used for all these calculations. 
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Referring now to the previous tables and Plates 14 and 16 all 
unknowns are found as follows (Jor wind on face A, only). 

Ha = Sl^ -^ (i - «r) = + 3,557-5 -^ 0.949463 = + 3,746.9 ft). 

Hz — — 0.061924 Hi + 2,810.9 = + 2,578.9 ft). 

Mf^ + 1.2032 Ha + 225,550 = + 230,058 in. ft). 

Mf = — 1.7429 Ha + 171,780 = + 165,249 in. ft). 

5f = If4 = + 3,746.9 ft), St^ Ft-HA = + 3,003.1 ft). 

Xf = 230,058 -^ 3,746.9 = + 61.403 in. 

Xt = 165,249 -^ 3,003.1 = + 55.025 in. 

Ff = — 0.005 ^t ~ 0.005 M? + 4,725 = + 2,748 ft) = — Ff. 

X4 = - 13.825 5^ + 93,250 = + 51,790 in. 

A4 = — 0.05481 Hz — 0.127132 M^ — 0.122732 Jkff + 1,578,042 

= + 1,528,655 in. 

Cf = + 11.756 ^3 - 0.035926 Mt + 0.24972 M? - 63,478 

= + 18,364. 

C^ = — 16.990 H3 + 0.34852 Mt — 0.051 192 Mf + 12,549 

= + 14,548. 
A3 = — 0.05481 Hz — 0.010892 M^ — 0.006492 Mf + 1,468,192 

= + 1,464,757 in. 

Cf = — 0.29707 Hz — 00.02110 Mf + 0.018748 Mf + 17,817 

= +21,015.5. 

C4 = + 0.28772 Hz + 0.018046 Mf — 0.002109 Mf + 19,755 

= + 22,994. 

-ff 2 = — 0.070443 Hz — 0.0033186 Mf + 0.0034269 Mf + 5,587.0 

= + 5,645.3 ft). 
Mf= + 1.7752 Hz + 0.13820 ilf^ - 0.05828 Mf + 337,230 

= + 351,238 in. ft). 

Mf = - 1.2838 Ifa - 0.028333 Af^ +0.13103 Mf + 436,720 

= + 458,873 in. ft). 

^8^ =Sf + Hz=+ 6,325.8 ft). 53^ = 14,250 -Si=+ 7,924.2 ft). 

-X'f = 351,238 -5- 6,325.8 = + 55.527 in. 

Xt = 458,873 -^ 7,924.2 = + 57.905 in. 

Ff = - 0.005 ^# - 0.005 ^i +14,944 = + 10,893 lb = - F^. 
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X3 = + 11.760 St — 11.760 Si + 88,250 = + 30,340 in. 
6f = + 12.788 Iff + 5.540 St + 130.0 Cf - 3,740,000 

= + 3,597,815 in. 
5/ = + 18.330 Mt - 795.0 St + 130.0 Ct = + 3,632,850 in. 
A2 = + 0.04085 H2 — 0.006508 Mt — 0.009798 Mi + 1,280,834 

= + 1,274,638 in. 

Ci = — 0.24486 H2 - 0.000988 Mt + 0.015672 Mi + 25,713 

= + 293,819. 

Ct = + 0.25301 H2 + 0.016275 Mt — 0.000992 Mi + 19,612 

= + 281,604. 

Hi = — 0.074380 H2 — 0.0036836 Mt + 0.0035649 Mi + 2,207 

= + 13,489 lb. 

Mi = + 1. 307 1 H2 + 0.1462 1 Mt - 0.025973 Mi + 673,950 

= + 739,305 in. ft). 

Mt = - 1.7646 H2 - 0.054555 Mt + 0.15172 Mi + 571,160 

= + 589,454 in. ft). 

^2^ = Si + H2= + 11971.1 ft). 

5^ = 21,750 - Si = + 9,778.9 ft). 

^f = 739,305 -^ 11971.1 = + 61,759 in. 

Xi = 589,454 -^ 9,778.9 = + 60.283 in. 

Vi = - 0.005 ^2 - 0.005 Mi + 30,788 = + 24,144 ft) = — Vt. 

X2 = + 11.255 St - 11.255 St + 84,450 = + 63,542 in. 

5f = + 11.823 Mi + 493.0 5^ + 125.0 Ci - 7,030,000 

= + 4,709,240 in. 
8t = + 8.8920 Mt - 371-0 5^ + 125.0 Ct = + 4,664,350 in. 
Ai = — 0.034776 Hi — 0.0079794 Mt — 0.0054566 Mi. 

+ 952,958 = + 944,174 in. 
Ci = — 0.20306 Hi — 0.000468 M^ + 0.013099 Mi + 21,240 

= + 30,374.4. 
Ct = + 0.19421 Hi + 0.012452 Mt — 0.000472 Mi + 24,000 

= + 31,253-5. 
Ho = - 0.077161 Hi - 0.0037643 Mt + 0.0039665 Mi + 3,245 

= + 3,854.5 ft). 
Mi = + 1.7552 Hi + 0.15671 Mt - 0.056710 Mi + 818,370 

= + 871,192 in. ft) 
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Mf = — 1. 14748 Hi — 0.017209 M^ + 0.15211 Mi + 929,910 

= + 1,030,674 in. B). 

5f = Si + Hi^ + 13,320.0 ft). 

St = 29,250 - 5f = + 15,930.0 ft). 

Zf = 871,192 -^ 13,320.0 = + 65.403 in. 

Xf = 1,030,674 -^ 15,930.0 = + 64.705 in. 

Ff = - 0.005 ^f - 0.005 Mf + 52,256 = + 42,747 B> = - 1^^^ 

Xi = + 9-845 5# - 9-845 St + 73,800 = + 13,269 in. 
5f = + 6.9593 Aff + 290.0 St + 125.0 Cf - 6,315,000 

= + 5,470,700 in. 

dt = + 8.8920 Mi - 371.0 5^ + 125.0 Ct = + 5^525,490 in. 

Ao = + 0.0000158 Ho — 0.0051687 Mt — 0.0051710 Mf 

+ 509,260 = + 499428 in. 

Cf ^ — 0.15661 Ho + 0.000374 Mt + 0.010152 Mf + 17,440 

= + 26,066.3. 

Ct = + 0.15657 Ho + 0.010150 Mt + 0.000376 M^ + 17,021 

= + 28,414.1. 

5^ = + 0.071624 Ho + 0.0034912 Mt — 0.0034912 Mf 

+ 16,342.0 = + 17,175-5 s>- 

Mi = + 2.5337 Ho + 0.22285 Mt - 0.092265 Mi + 1,237,800 

= + 1,396,896 in. ft). 

M^' = — 2.5341 Ho — 0.092290 Mt + 0.22288 Jiff + 1,252,300 

= + 1,341,547 in. ft). 

S^ = 33,000 - Si -= + 15,825.5 ft). 

Xi = 1,396,896 -^ 17,175-5 = + 81.333 in. 

X^ = i,34i»547 -^ 151825.5 = + 84.773 in. 

F^ = - 0.005 M^ - 0.005 Mi + 76,772 = +63,080 ft). = - F^. 

Xo = + 8.450 St - 8.450 S^ + 31,670 = + 32,567 in. 

6f = + 6.9593 Mi + 290.0 5f + 125.0 Ci - 8,485,000 

= + 5,458,490 in. 

'^1 = + 5-0374 Mt - 210.0 St + 125.0 Cj* = + 5,400,460 in. 

6? = + 5-0374 -^? + 210.0 S^ - 6,930,000 = + 3,432,000 in. 

^0 = + 5-0374 M^ - 210.0 S^ = + 3,436,700. 
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Checks.; — 
H^ + Hz + Ht + Hi + Ho-- + 17,174.5 ft). 
5?, above, equals + 17,175.5 lb; hence checks. 

Fourth Story. 

12.5 Ct + ^t + lo.o Cf - X4 = + 4»oi3»965 in. 1 
12.5 Ci + di + lo.o Cf — X3 = + 4,012,804 in. j 

Third Story, 
12.5 Ct + di + 12.5 C^ - Xs = + 5»273,440 in. 1 
12.5 Ci + df + 12.5 Ci - X2 = + 5,275,661 in. J 

Second Story. 

12.5 Cfi + d^ + 12.5 Ci — \2 = + 6,204,622 in. 1 
12.5 Ci + di + 12.5 6f - Xi = + 6,204,385 in. J 

/^iV^/ Story. 
12.5 Cf + 6f + 12.5 C^ - Xi = + 6,133,036 
12.5 Cf + 5f + 12.5 Cf - Xo = + 6,131,432 

Story. 

5oi + 12.5 Cf - Xo = + 3,759,309 

«f + 12.5 cf = + 3,757,829 



Checks. 



Checks. 



Checks. 



in. 1 
in. J 



Checks. 



•i 

in. J 



Checks. 



The accompanying table gives a comparison of Column Stresses 
by the methods of Chapters II and III. 

The following table gives a comparison of the stresses in the top 
flanges of the girders at the left end {x == 200 in.). 



Girder. 


Chapter III. 


Chapter II. 


0-1 

0-2 

Or-3 

a-4 


+84,497 

+75.530 
+55,345 
+34,629 
+14,633 


+ 104,885 

+ 82,003 
+ 56,105 
+ 34.051 
+ 12.385 



As will be noticed the comparisons for both column and girder 
stresses are very close, excepting in the basement or o story. A 
difference would naturally be expected here since, when the column 
is not vertical at the first floor the point of contraflexure in the 
o story column will be raised above mid height. 



CHAPTER VII. 

A STUDY OF THE EFFECT OF FLOOR AND ECCENTRIC COLUMN 
LOADS ON AN ELASTIC PORTAL BRACED BUILD- 
ING—WITH COMPARISONS. 

Referring to the previous chapter, the stresses and deformations 
due to the combined floor and eccentric column loads will now be 
obtained and comparisons similar to those of that chapter will also 
be given here. Using the tables calculated in Chapter VI the 
following values are derived. 

H4 = 51* ^ (i - ofj) = + 4441.3 -^ 0.949463 = + 4»677-8 ft). 

H3 = — 0.061924^4 — 1,418.1 = — 1,707.8 ft). 

Mf = + 1.2032 H^ + 218,500 = + 224,128 in. ft). 

Mt =^ - 1.7429 Ha. - 250,755 = - 258,909 in. ft). 

5f = H4 = + 4,677.8 ft) = - 5^. 

Xf = 224,128 -^ 4,677.8 = + 47913 in., 

Xf = - 258,909 -^ - 4»677-8 = + 55.345 in. 

Ff = — 0.005 ^t "" 0.005 ^4 + 19*328 = + 19,502 ft). 

vt = 52,500 - Vi = + 32,998 ft). 

X4 = — 13.825 Sf = + 64,660 in. 

A4 = — 0.05481 H3 — 0.127132 M^ — 0.122,732 Mf + 61,422 

= + 66,922 in. 

Ci = + 11.756 ^3 - 0.035926 Mt + 0.24972 Mi - 64,308 

= — 19,116. 

C^ = — 16.990 Hz + 0.34852 Mt — 0.051192 Mf + 89,276 

= + 16,581. 

A3 = — 0.05481 Hs — 0.010892 Mf — 0.006492 Jiff + 307,042 

= + 308,501 in. 

Cf = — 0.29707 Hz — 0.002110 Mf + 0.018748 Mf — 8,646 

= - 3»390.5. 

C^ = + 0.28772 Hz + 0.018046 Mt — 0.002109 Mf + 9,488 

= + 3,851.6. 
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-ff 2 = — 0.070443 Hz — 0.0033186 Mt + 0.0034269 ikff 

- 1,576.1 = + 170.8. 
M f = + 1.7752 Hz + 0.13820 Mt - 0.05828 Mf + 243,900 

= + 192,021 in. ft). 

Mt = - 1.2838 Hz - 0.028333 ikf^ + 0.13103 Mi - 232,371 

= - 193,474 in. ft). 

5f = 5f + ffa = + 2,970.0 ft) = - 5^. 

-STf = 192,021 -f- 2,970.0 = + 64.655 in. 

Z^ = - 193,474 -^ - 2,970.0 = + 65.140 in. 

Ff = - 0.005 Mt - 0.005 Mi + 73.368 = + 73»374 *• 

Vt = 153,975 -Vi^+ 80,601 ft). 

X3 = + 11.760 St — 11.760 5^ = — 20,092 in. 

5f = + 12.788 ikff + 554.0 5^ + 130.0 Cf = - 166,805 in. 

5^ = + 18.330 Mt - 795.0 St + 130.0 Ct = - 529,292 in. 

A2 = + 0.04085 H2 — 0.006508 Mt — o.oo9798ikff + 199,287 

= + 198,672 in. 

Ci = — 0.24486 H2 — 0.000988 Mt + 0.015672 Mi — 7,756.3 

= - 4,597.3. 
Ct "= + 0.25301 H2 + 0.016275 Mt — 0.000992 Mi + 8,264 

= + 4,967.8. 

-ff 1 = — 0.074380 H2 — 0.0036836 ikf^ + 0.0035649 Mi + 312.8 

= + 1,697.3 ft). 

Mi = + 1. 307 1 ^2 + 0.1462 1 ikf^ - 0.025973 Mi + 197,7700 

= + 164,647 in. ft). 

Mt = - 1.7646 -ff2 - 0.054555 ^3^ + 0.15172 Mi - 222,035 

= — 182,648 in. ft). 

^2^ = Si + H2= + 3,140.8 ft) = - 52^. 

Xi = 164,647 -r 3,140.8 = + 52.422 in., 

Xt — — 182,648 -; 3,140.8 = + 58.158 in. 

7f = — 0.005 ^2 — 0.005 ^i + 127,407 = + 127,496 ft). 

Vt = 255,450 - Fa^ = + 127,954 ft). 

X2 = + 11.255 5^ - 11.255 St = + 1,922 in. 

5f = + 11.823 Mi + 493.0 5^ + 125.0 Cf = + 232,570 in. 
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^t = + 8.8920 -M/ — 371.0 5^ + 125.0 C;^ = + 1,020 in. 
Ai = — 0.034776 Hi — 0.0079794 Mi — 0.0054566 Mi 

+ 395.169 = + 395»6^in. 

Cf = — 0.20306 Hi — 0.000468 Mf + 0.013099 Mi — 2,964.5 

= — 1,066.9. 

C/ = + 0.19421 Hi + 0.012452 3f^ — 0.000472 Mi + 5,037.6 

= 4- 3»oi5.i. 

-ff = — 0.077161 Hi — 0.0037643 Af^ + 0.0039665 Mi 

— 1,631.7 = — 422.0 ft). 

3f f = + 1.7552 ^ffi + 0.15671 Mi - 0.056710 Mi + 385,820 

= + 350,837 in. ft). 

Mf = — 1. 14748 Hi — 0.017209 Mi + 0.15211 Mi — 363,821 

= - 337»58i in. fb. 
Si ^ Si + Hi=- + 4,838.1 ft) = - Sf, 

X? = 350,837 -^ 4.838.1 = + 72.517 in., 

Xf "= - 337.581 -5- - 4.838.1 = + 69.777 in. 

Vi - — 0.005 Mi — 0.005 Aff + 181,446 = + 181,379 ft). 

vi = 356,925 - i^f = + 175,546 ft). 

Xi = + 9.845 5^ — 9.845 5f = + 16,696 in. 

5f = + 6.9593 Aff + 290.0 5^ + 125.0 Cf = + 101,720 in. 

di — + 8.8920 Mi — 371.0 5^ + 125.0 Ci = " 83,700 in. 

Ao = + 0.0000158 Ifo — 0.0051687 Mi — 0.0051710 M? 

+ 50,140 = + 50,071 in. 

Ci = — 0.15661 Ho + 0.000374 Mi + 0.010152 Mi — 9,965 

= - 6,463.3. 

Ci - + 0.15657 Ho + 0.010150 Mi + 0.000376 Mi + 9,213 

= + 5,852.3^ 
Si = + 0.071624 Ho + 0.0034912 Mi — 0.0034912 Aff 

+ 6,850.6 = + 44,169 ft) = - 5^. 

Mi = + 2.5337 Ho + 0.22285 Mi - 0.092265 Mi + 304,530 

= + 195.858 in. Yb. 

Mi = — 2.5341 Ho — 0.092290 Mi + 0.22288 Mi — 313,865 

= - 203,443 in. ft). 

Xi = 195.858 -5- 4.416.9 = + 44-350 in. 
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X^ = — 203,443 -. 4,416.9 = + 46.068 in. 

F^ = — 0.005 M^ — 0.005 Mg + 247,446 = + 247,482 R). 

V^ = 482,320 - F^ = + 234,838 ib. 

Xo = + 8.450 St - 8.450 5^ = - 3,565 in. 

5f = + 6.9593 M^ + 290.0 5^ + 125.0 C^ = + 230,690 in. 

^f = + 50374 Ml - 210.0 5f + 125.0 C^ = + 46,390 in. 

5? = + 5-0374 -S^? + 210.0 5^ = + 59,690 in. 

5^ = + 50374 ^0 - 210.0 5^ = - 97,910 in. 

Checks. 

Hi + ffs + ^2 + ffi + ffo = + 4,416.1 ib. 
Sqj above, = + 4,416.9; hence checks. 



Fourth Story 



12.5 Ct + dt + lo.o C^ - X4 = - 379,997 in. 
W.5 Cf + 5f + lo.o Cf - Xs = - 380,254 in. 



Checks. 



. * \ Checks, 
in. j 



Third Story. 
12.5 Ct + 8t + 12.5 C^ - X3 = + 131,354 

12.5 ci + d^ + 12.5 Cf - X2 = + 130,741 

Second Story. 

12.5 C# + 5^ + 12.5 C# - X2 = + 14,164 in. 1 
12.5 Ci + 8i + 12.5 Cf - Xi = + 14 222 in. J 

First Story. 

12.5 Cf + 5f + 12.5 Cf - Xi = + 140,537 in. 1 

12.5 Cf + 5f + 12.5 Cf - Xo = + 140,128 in. J ^^^^*^- 



o Story. 

d^ + 12.5 Cf — Xo = — 21,191 in. 
5f + 12.5 Cf = — 21,101 in. 



Checks. 



The following table gives a comparison of column stresses by the 
methods of Chapters II and III. 
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The following table gives a comparison of the stresses in the top 
flanges of the girders at mid span (x = 100 in.) and at the left 
end (x = 200 in.). 



Girder. 


Chapter IH. 


Chapter II. 


^=200 


^=100 


^=200 


-^^=100 


a-0 
a-1 
a-2 
a-3 
a-4 


-42,387 
-31,234 
-29,207 
-32,245 
-23,000 


+30,111 
+18,384 
+19,455 
+17,417 
+29,490 


-10,100 
-10,100 
-10,100 
-10,100 
- 6,710 


+62,750 
+38,830 
+38,830 
+38,830 
+46,610 



Attention is called to the large bending moments in the columns, 
causing stresses not taken care of in the design. 



CHAPTER VIII. 

A STUDY OF THE EFFECT OF UNIFORM FLOOR LOADS ALONE ON 
|AN ELASTIC PORTAL BRACED BUILDING — 

WITH COMPARISONS. 

As in the previous chapter these calculations refer back to the 
tables of Chapter VI. The values for this loading become: 

Ha r= 5j ^ (i ~ aj) = + 5,013.1 -^ 0.949463 = + 5,280.0 ft). 

If 8 = — 0.061924 H4 + 365.8 = + 38.8 ft). 

M^ = + 1.2032 Hi + 257,940 = + 264,294 in. ft). 

Mf = — 17429 Ha — 280,790 = — 289,993 in. ft). 

Si = H4 = + 5,280.0 ft) = - 5/. 

Xi = 264,294 -^ 5,280.0 = + 50.052 in., 

Xf = - 289,993 -^ - 5,280.0 = + 54920 in. 

Ff = — 0.005 ^t — 0.005 Aff + 20,000 = + 20,128 ft). 

Vt = 40,000 — Ff = + 19,872 ft). 

\4 = - 13-825 5^ = + 72,980 in. 

A4 = — 0.05481 Hs — 0.127132 ikff — 0.122732 Aff + 91,177 

= + 95»6o7 in. 

Cf = + 11.756 Hi - 0.035926 ikf/ + 0.24972 3ff - 95.653 

= - 18,780. 

Cf ^ - 16.990 ffa + 0.34852 Mt - 0.051192 Aff + 135,817 

«= + 20,564. 

As = — 0.05481 Hz — 0.010892 Jlf/ — 0.006492 Mi + 155,677 

= + 157,118 in. 

Cf = — 0.29707 Hz — 0.0021 10 ikf^ + 0.018748 Mi — 8,798 

= - 3,242.8. 

Cf = + 0.28772 Hs + 0.018046 Mt — 0.002109 Mi + 11,327 

= + 5,548. 
H2 = — 0.070443 -ffa — 0.0033186 Mi + 0.0034269 Jiff — 1,388 

= + 477-3 »>. 
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Jkf f = + 1.7752 Hz + 0.13820 Mt - 0.05828 MS + 398,250 

= + 342,840 in. ft). 

Mt = - 1.2838 Hz - 0.028333 Mt + 0.13103 Mt - 452,562 

= — 409,765 in. ft). 

Si ^St + Hz^ + 5,318.8 ft) = - St. 

Xt = 342,840 -4- 5t3i8.8 = + 64.458 in. 

X^ = - 409765 4- - 5,318.8 = + 77.038 in. 

Ff = - 0.005 Mt - 0.005 3ff + 43,375 = + 43,7 10 ft). 

yt = 86,750 - Ff = + 43,040 ft). 

Xs = + 11.760 5^ — 11.760 St = + 457 in. 

«f = + 12.788 Jiff + 554.0 5^ + 130.0 Ct = + 32,086 in. 

bt ^ + 18.330 Mt — 795.0 5^ + 130.0 Ct = — 400,260 in. 

A2 = + 0.04085 H2 — 0.006508 Mt — 0.009798 Mt + 54,506 

= + 53,834 in, 
Cf = — 0.24486 H2 — 0.000988 Mt + 0.015672 Aff — 10,874 

= - 5,2i2.5, 
C^ = + 0.25301 H2 + 0.016275 Mt - 0.000992 Mi + 23,439 

= + 16,550.2, 
Hi ^ - 0.074380 Hi - 0.0036836 Mt + 0.0035649 Mi - 2,856.5 

= — 160.3 ib- 
Mi = + 1.3071 H2 + 0.14621 Mt - 0.025973 Mi + 390,650 

= + 322,451 in. ft), 

Mt = - 1.7646 H2 - 0.054555 3f^ + 0.15172 3ff - 341,040 

= — 267,511 in. ft). 

Si = 5f + H2 = + 5,796.1 = - St. 

Xi = 322,451 -^ 57,96.1 = + 55-635 in. 

Xt ^ - 267,511 -h - 5,796.1 = + 46.159 in. 

F# = - 0.005 Mt - 0.005 Mi + 66,750 = + 66,475 It)- 

^# = 133,500 - Ff = + 67,025 ft). 

X2 = + 11.255 5^ - 11.255 St = + 5,372 in. 

5f = + 11.823 ikff + 493.0 5^ + 125.0 Cf = + 781,740 in. 

5^ = + 8.8920 ikf^ - 371.0 St + 125.0 Ct = + 395,770 in. 

Ai = - 0.034776 Hi - 0.0079794 ikf^ - 0.0054566 Mi + 158,513 

= + 158,894 in. 
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Cf = — 0.20306 Hi — 0.000468 M^ + 0.013099 Aff — 5,169 

= - 787.3. 
C2 - + 0.19421 Hi + 0.012452 M^ — 0.000472 ikff + 6,587 

= + 3,0724. 
Ho = — 0.077161 Hi — 0.0037643 M^ + 0.0039665 M§ — 2,591 

= — 292.5 B). 

3f f = + 1.7552 Hi + 0.15671 3f^ - 0.056710 Aff + 472,400 

= + 41 1,907 in. B). 

ikff = — 1. 14748 Hi — 0.017209 M^ + 0.15211 Aff — 460,759 

== — 406,918 in. B). 

S? = 5f + ffi = + 5,635.8 ft) = - 5f . 

Zf = 411,907 -^ 5,635.8 = + 73.088 in. 

-Yf = — 406,918 -5 5,635.8 = + 72.204 in. 

Vi — — 0.005 Ml — 0.005 Aff + 90,125 = + 90,100 ft). 

Vt = 180,250 — Ff = + 90,150 ft). 

Xi = + 9.845 ^2^ - 9.845 St ^ - 1,577 in. 

5f = + 6.9593 Aff + 290X) 5^ + 125.0 Cf = + 464,990 in. 

5# = + 8.8920 Af^ - 371.0 Sf + 125.0 C# = + 152,550 in. 

Ao = + 0.0000158 Ho — 0.0051687 Mt — 0.0051710 Aff + 2 

= - 5 in. 

Cf = — 0.15661 -ffo + 0.000374 Aff + 0.010152 Aff — 11,512 

= - 7,4364 

Cf = + 0.15657 Hq + 0.010150 AfJ* + 0.000376 Aff + 11,508 

= + 7,486.9. 

Sq = + 0.071624 Hq + 0.0034912 Afj^ — 0.0034912 

Aff + 8,223.2 = + 5,343.5 ft) = - 5^ 

MS = + 2.5337 Ho + 0.22285 Mt - 0.092265 Aff + 371,110 

= + 241,671 in. lb. 

Af^ = — 2.5341 Ho — 0.092290 Aff + 0.22288 Aff — 371,170 

= — 241 ,063 in. ft. 

X^ = 241,671 ^ 5,343-5 = + 45228 in. 

Z^ = - 241,063 -T- - 5,343.5 = + 45.115 in. 

F^ = - 0.005 Af^ - 0.005 MS + 125,460 = + 125,457 ft). 

Vt = 250,920 - F^ = + 125,463 ft). 
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The following table gives a comparison of the stresses in the 
top flanges of the girders at mid span (x = loo in.) and* at the left 
end (x = 200 in.). Attention is called to the large bending moments 
in the columns causing stresses not taken care of in the design. 



Girder. 


Chapter III. 


Chapter II. 


X — 200. 


X = 100. 


JC — 200. 


A"™ 100. 


0-1 

ar-2 
a-3 
a-4 


-38,987 
-28,399 
-39,990 
-27,083 
-18,500 


+31,595 
+17,351 
+ 9,200 
+18,839 
+30,860 









+70,670 
+46,750 
+46,750 
+46,750 
+50,000 



CHAPTER IX. 

A STUDY OF THE EFFECT OF ECCENTRIC COLUMN LOADING ON 
AN ELASTIC PORTAL BRACED BUILDING — 
WITH COMPARISONS. 

Since Chapter VII gives all values for these eccentric column 
loads and the floor loads combined, and Chapter VIII gives all 
values for the floor loads alone, it is evident that most values for 
this chapter may be found by subtracting the values of Chapter 
VIII from those of Chapter VII. The only exception will be the 
values of the points of contraflexure coordinates. These values 
are then as follows: 

Hi = + 4,677.8 — 5,280.0 = — 602.2 ft), 
-ff 3 = — 1,707.8 — 38.8 = — 1,746.6 ft), 
ikff = + 224,128.— 264,294 = — 40,166 in. ft). 
Mt = - 258,909 + 289,993 = + 31.084 in. ft). 
5f = Hi^ - 602.2 ft) = - 5^. 

X^ = — 40,166 -i 602.2 = + 66.68 in. 

^t = 31,084 -T- 602.2 = + 51.60 in. 
Ff = + 19,502 — 20,128 = — 626 lb. 
Vt = + 32,998 - 19.872 = + 13.126 ft). 
X4 = + 64,660 — 72,980 = — 8,320 in. 
A4 = + 66,922 — 95,607 = — 28,685 in. 
Cf = - 19,116 + 18,780 = - 336. 

c# = + 16,581 - 20,564 = - 3,983. 

A3 = + 308,501 - 157,118 = + 151,383 in. 
Cf = - 3,390.5 + 3,242.8 = - 1477- 
C^ = + 3,851.6 - 5,548 = - 1,696.4. 
H2 = + 170.8 - 477.3 = - 306.5 ft). 
Mi = + 192,021 — 342,840 = — 150,819 in. ft). 
M^ = - 193,474 + 409,765 = + 216,291 in. ft). 
Si = Si +. ffa = - 2,348.8 ft) = - 53^. 
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Xf = — 150,819 -4 2,348.8 = + 64.20 in. 

Xf = 216,291 -^ 2,348.8 = + 92.10 in. 

Vi = + 73,374 - 43,710 = + 29,664 B). 

F^ = + 80,601 - 43,040 = + 37,561 ft). 

X3 = - 20,092 - 457 = - 20,549 in. 

5f = — 166,805 — 32,086 = — 198,891 in. 

5^ = — 529,292 + 400,260 = — 129,032 in. 

A2 = + 198,672 - 53,834 = + 144,838 in. 

C? = - 4,597-3 + 5,212.5 = + 615.2. 

C^ = + 4,967.8 - 16,550.2 = - 11,582.4. 

-ffi = + 1,697.3 + 160.3 = + 1,857.6 ft). 

AT f = + 164,647 - 322,451 = - 157,804 in. ft). 

M^ = — 182,648 + 267,511 == + 84,863 in. ft). 

Si =Si + H2= - 2,655.3 ft) = - ^2^. 

Xi = - 157,804 -^ - 2,655.3 = + 59.43 in. 

X^ = 84,863 -^ 2,655.3 =i + 31.98 in. 

7f = + 127,496 - 66,475 = + 61,021 ft). 

Ff = + 127,954 - 67,025 = + 60,929 ft). 

X2 = + 1,922 - 5,372 = - 3,450 in. 

5f = + 232,570 - 781,740 = - 549,170 in. 

8i = + 1,020 - 395,770 = - 394,750 in. 

Ai = + 395,669 - 158,894 = + 236,775 in. 

Ci = — 1,066.9 + 787.3 = — 279.6. 

c^ = + 3,015.1 - 3,072.4 = - 57.3- 

Ho = — 422.0 + 292.5 = — 129.5 ft). 
Mf = + 350,837 - 411,907 = - 61,070 in. ft). 
Mt = - 337,581 + 406,918 = + 69,337 in. ft). 
Sf = 5? + ffi = - 797.7 ft) = - St. 

-STf = — 61,070 -. 797.7 = + 76.60 in. 

Xt = 69,337 H- 797.7 = + 86.93 in. 

V^ == + 181,379 - 90,100 = + 91,279 ft)- 

Vt ^ + 175,546 - 90,150 = + 85,396 ft). 
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Xi = + 16,696 + 1,577 = + 18,273 in. 

«f = + 101,720 - 464*990 = - 363,270 in. 

5^ = - 83,700 - 152,550 = - 236,250 in. 

Ao = + 50,071 + 5 = + 50,076 in. 

Cf = - 6,463.3 + 7436.4 = + 973.1- 

C^ = + 5)852.3 - 7486.9 = - 1,634.6. 

5? = + 4416.9 - 5»343.5 = - 926.6 ft) = - 5^. 

M^ =^ + 1951858 - 241,671 = - 45»8i3 in. B). 

Jlf ^ = - 203,443 + 241,063 = + 37,620 in. B). 

X? = — 45,813 -^ — 926.6 = + 4946 in. 

Xq = 37,620 -4- 926.6 = + 40.60 in. 

7^ = + 247,482 - 125,457 = + 122,025 ib. 

Fo = + 234*838 - 125,463 = + 109,375 i*)- 

Xo = - 3,565 + 2,471 = - 1,094 in. 

5f = + 230,690 — 302,850 = — 72,160 in. 

8f = + 46,390 — 68,860 = — 22,470 in. 

^0 = + 59,690 - 95,863 = - 36,173 in. 
5^ = — 97,910 + 92,810 = — 5,100 in. 

Checks. 

Since Chapter VII and VIII checked, this chapter will also check 
if no errors have been made in the subtractions. The checks are 
all satisfied but are not given here. 

The following table gives a comparison of column stresses by the 
methods of Chapters II and III. 
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The following table gives a comparison of the stresses in the 
top flanges of the girders at mid span (x = lOO in.) and at the 
left end (x = 200 in.). 



Girder. 


Chapter III. 


Chapter II. 


-A'=aoo in. 


JC — 100 in. 


Jf=2ooin. 


^=100 in. 


Or-O 
Or-l 

a-3 


- 3,400 

- 2,835 
-f- 10,783 

- 5,162 

- 4,500 


- 1,484 
-f- 1,033 
4-10,255 

- 1,422 

- 1,370 


-10,100 
-10,100 
-10,100 
-10,100 
- 6,710 


-7,920 
-7,920 
-7,920 
-7,920 
-3,390 



Note that the bending moments from eccentric loads do not 
follow the rules deduced by Professor Heller. 

Comparison Summary — Chapters VI, VII, VIII, and IX. 

In the following table, computed from those of Chapters VI, 
VIII, and IX, the simultaneous compressive unit fibre stresses are 
given for wind on face A, floor, and eccentric column loadings; in 
each case the figures are given for the fibre which receives the 
maximum total combined unit stress, the object of the table being 
to deduce and compare the maximum possible stresses in the 
columns. The table gives this comparison for the methods of 
Chapters II and II L On the right of the table is given the per- 
centage of increase of the total maximum stresses by Chapter III 
over those by Chapter II; these range from 20 per cent, up to 
96 per cent, for Column JB, which receives its maximum stress 
under these loadings. Column A receives its maximum for wind 
on face A and similar percentages will be found for Column A 
under such loading. For example, for Column -4-0, at re = in., 
wind on face JB, total maximum unit by Chapter II = 13,879 ft per 
sq. in., while by Chapter III the maximum unit is 16,680 lb persq. 
in., being an increase of 20.2 per cent. (cf. 19.7 per cent, for Column 
JB-o) ; also, for Column -4-4, x = 130 in., the maximum by Chapter 
II = 6,224 lb per sq. in. while by Chapter III it is 12,652 ft per 
sq. in. or an increase of 103.3 P^r cent. (cf. 96.5 per cent, for Column 
£-4). 



J 
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The following table, compiled from those of Chapters VI, VIII, 
and IX gives a comparison of the total maximum stresses in the 
top flanges of the girders at the left end (x = 200 in.) by the methods 
of Chapters II and III. On the right is given the percentage of 
increase, as for the columns, and here also is found an ever-in- 
creasing divergence, from basement to roof, in the results by the 
two methods, ranging from 10 per cent, to 97 per cent. In the 
case of both columns and girders the main source of increase is due 
to the fact that the building is virtually a series of connected arches 
set vertically over each other and the vertical loads, both floor and 
eccentric column loads, are therefore to be regarded as produdng 
stresses of very great importance in designing such structures. 
The wind produces stresses not materially different from those 
deduced for the rigid girder assumption. This merely confirms 
the demonstrations by Professor Howe, in which he shows that if a 
horizontal load acts in the neutral axis of the girders, as assumed in 
this investigation, the arch thrust is practically nil, i. e., there is very 
little tendency of the feet of the supporting columns to move with 
respect to each other, but rather they tend to move the same amount, 
which condition would of course be in exact accord with the results 
on the assumption of rigid girders. 



Girder. 



Or-O 

a-2 
a-3 
a-4 



Chapter III. 



-126,884 
-106,764 

- 84,552 

- 66,874 

- 37,633 



Chapter II . 



-114,985 

- 92,103 

- 66,205 

- 44,151 

- 19,095 



Per Cent. 



10.4 

16.0 
27.8 
51.5 
97.0 



CHAPTER X. 

A STUDY OF COLUMN DEFLECTIONS AND DEFORMATIONS IN AN 

ELASTIC PORTAL BRACED BUILDING. 

A. Distortion Due to Horizontal Wind Pressure. 

In considering the effect of wind in distorting a portal braced 
structure the five story building already used will be investigated 
as follows: 

First, as a cantilever beam fixed at one end and having a variable 
moment of inertia corresponding to the moment of inertia of the 
steel columns about a horizontal axis midway between the columns, 
the moment of inertia being considered as an average uniformly 
varying one from top to bottom. 

Second, as a structure with rigid girders^ corresponding to the 
assumptions of Chapter II. 

Third, as a perfectly elastic structure, corresponding to the as- 
sumptions of Chapter III. 

First. As a Cantilever Beam, — Referring to Fig. lo, 



Qr/^/n 




F/o/O 



Let I = moment of inertia of the beam at JB. 
Let Jo = moment of inertia of the beam at A. 
Let J, = moment of inertia of the beam at any point P. 

Jo-/ 



Also let Ix = /(i + ex); then /(i + ch) = Jo, or c = 



hi 
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Now, taking moments about P = {x, y) gives the fundamental 
equation 

^^"27i"27\i +cx))^2l?l^^^^^^'^cx+ I J' 



integrating gives 



E—= ^ 



dx 2lc^ 



[^-^ + ^iog.(i+c^) +ir]. 



dy 
But, when a: = ^,-7- = o; hence 



K^ - — + A--log. (i+cA), 
2 c 



or 



^dy^ w [c 



[£(^_„ _(._«+!,<,. l±^], 



integrating again gives 

w i cx X 1 '\- ex 

£3'=^{-^(^-3A^)--(^-2/r)+-^log.(i + c:^) 

-^[i+log.(i+cA)] +X'j. 

But, when x = o, y ^ o\ hence X' = o. 

The equation for Ey or the elastic line is thus determined : Now 
for the five story building here considered the data required for 
determining this curve of distortion is as follows: 



-fo = 3473 X ioo2 X 2 = 694,600. 7 = (11.52 + 15.23) X 100* 

= 267,500 (neglecting the comparatively small moments of inertia 
about the neutral axes of the columns). 

h = 750 in. ; 

w = 30.0 lb X 20.0 ft. -^ 12 = 50 lb per. inch of height of beam. 

694,600 - 267,500 ^^^,,, 

c = — — = 0.002135. 

750 X 267,500 



CoLXJMN Deflections and Deformations. 
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Using these values in the value for Ey above, the deflection curve 
marked ** cantilever beam** in Fig. 11-6, is obtained. 

Second, As a Structure with Rigid Girddrs, — ^The values of 8 for 
each story of the five story building may be calculated from the 
equation, Chapter II, 6 = Sc^/i2l. Since Columns A and B 
deflect equally, this equation may be applied to either column. 
Using the values of S given in Chapter II (or VI) the values of 
these deflections are; 

^0 = 1,730,000 in., 61 = 1,775,000 in., ^2 = 1,765,000 in., 
^3 = ii505,ooo in., 64 = 1,100,000 in. 

The distortion curve for this case is shown and marked "rigid 
girders" in Fig. 11-6. 

Third, As an Entirely Elastic Structure, — ^The values of 6, C, 
and X coordinates of the points of contra-flexure for this case are 
given in Chapter VI, and the curves for Columns A and B fit so 
closely on each other that only that for Column A is shovrn in 
Fig. 1 1-6; this curve is marked "elastic structure." 

B, Distortions Due to Vertical Loading. 

The values of 5, C, and X coordinates of the points of contra- 
flexure for uniform floor loading, eccentric column loading, and a 
combination of these two loadings, have been given in Chapters 
VIII, IX and VII respectively; by calculating, in addition, the 
slopes and deflections at the points of contra-flexure and a few 
other deflections as required, the deformation curves for these load- 
ings have been constructed as shown in Figs, ii, a. 

Fig. 11,6, also shows the curve for Column B for floor loads only. 
All curves of Figs. 11, a, are drawn to a horizontal scale of i in. = 
1,000,000 in. while all those of Figs. 11, 6, are drawn to a scale of 
I in. = 8,000,000 in. Notice in Figs. 11, a, the large distortions of 
th6 column sections due to floor loadings only. — ^.^ 
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consists of only one story. The calculations were carried out by 
Vega's logarithmic tables, because only a rough value of V^ can be 
obtained with a Thacher rule, the solution involving the differences 
of large quantities of very nearly the same size. The calculations 
are given in the table on page i6i. 

Now, from this table and the table of symbolic coefficients the 
values of all quantities may be written out as follows: 

For the Wind Pressure Fq, — 

F^ = - 316.05 lb. 

5^ = - 0.0652442 Ff + 5,470.82 = + 5»49I44 K>- 

•S"o = - 0.514635 5^ + 0.273931 F^ + 6,033.076 = + 3,120.41 J). 

M^ = - 346.444 ^0 + 5.5555 S^ + 100.0000 Vi + I,i53»333 

= + 71,186 in. ft. 

Mg = + 5.0000 M^ + 179.7222 S^ + 215.8333 S^ + o Vg 

- 1,797,222 = + 304,755 in. ft. 

Afo = + 0.50000 M^ + MS + 35.4444 S^ - 18.0555 S^ 

+ o F? + 6,667 = + 170,495 ill- *• 

5^ = 10,000 - 5^ - 5^ = + 1,388.15 lb. 

X^ = 170,495 -^ 3»I20.4 = + 54.67 in.; 

Xi = 304,755 ^ 5491.44 = + 55.52 in.; 

X^ = 71,186 -^ 1,388.15 = + 51.25 in. 

Cf = + 0.2 M^ — lo.o 5^ = + 2,894.9. 

Cf = + 0.1 Mi - 5.0 5if = + 3.018.3. 

Cf = + 0.5 MS + 25.0 (5^ + 5|f) - 250,000 = + 8,892. 

d^ = + lo.o M^ - 333.33 5^ = + 664,813 in. 

a^ = + 5.0 Mi - 166.66 Si ^ + 608,535 in. 

^0^ = + 25.0 Mi + 833.33 (Si + Si) - 8,333,333 

= + 622,859 in. 

jffg = — i.o 5^ + 10,000 = + 6,879.59 lb. 

Hg = - i.o {Si + Si) + 10,000 = + 1,388.15 lb. 

>g = - 8.0 Si + 80,000 = + 55,037 in. 

>g = - 50 {Si + Si) + 50,000 = + 6,941 in. 

Vi = + 0.003333 {Mi + Mi + Mi) - 0.3333 Vi - 3,666.7 

= - 1,739-9 ft- 
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di = + lo.o M^ - 333.333 5^ = - 249,320 in. 
5J = + 5.0 M^ — 166.667 5J = + 105,700 in. 

^o"" = + 25.0 MS + 833.333 (5(f + Si) = + 14,425 in. 

HJ = — i.o 5^ = + 10,410.6 lb. 

HS = - i.o (S^ + 5if) = + 673.2 lb. 

Xg = - 8.0 5^ = + 83,285 in. 

>^o = - 5.0 (5^ + Si) = + 3.366 in. 

F^ = + 0.003333 {Mi + Mi + Mi) - 0.3333 Vi + 75.000 

= + 45,448 B). 

Fo^ = - 0.003333 {Mi + Mi + Mi) - 0.6666 Vi + 75,000 

= + i5»93oB). 
ai = + 0.02444 (M^ + IT^ + Mo^) - 2.4444 Vo + 550,ooo 

= + 333.289 in. 
af = + 4400 F^ = + 389,938 in. 

ao"" = - 0.036666 {Mi + Mi + Mi) - 7.3333 Vi + 825,000 

= + 175,221 in. 

Ag = - 0.024440 {Mi + Mi + Mi) + 6.845 Vi - 550,000 

= + 56,649 in. 
Ag = - 0.036666 (Mif + Mi + ikfo'') - 11.7333 Vi + 825,000 

= - 214,717 in- 

Maximum bending in columns occurs at the top. The values are: 

For Col. A — 100 Si + Mi = + 669,108 in. lb. 
For Col. B — 100 Si + Mi = — 628,020 in. lb. 
For Col. C — 100 Si + Mi = — 44,303 in. lb. 



Checks: 



t i '""'^ rs " '" ^ " '"'"^^ ?"• Checks. 
5J + lo.o Cf = - 35,450 in. J 



bi + lo.o Cf - Xj = - 38,816 in. 
hi + lo.o Cf = — 38,790 in. 



Checks. 



The stresses and deformations will now be computed by the 
methods of Chapter II. 
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De/i>rma'//o/? for i/nf/6rmF/oor/.aae< i^t^. 






fh' 




De/orma//o/7 /orM^r?c//.oaa^/i^ 

Resultants: s^ = + 3»387.095 lb per sq. in. 

5f = + 2,903.227 lb per sq. in., 
50^=+ 2,661.29 lb per sq. in. 
Fif = 15 5^ = + 50,806.4 lb; 
V^ = 25.0 5f = + 72,580.7 lb; 
F^ = 10 5^ = + 26,612.9 lb. 
S^ = S^ = S^ = 0; M^ = M^ = M2 = o; 
Ct = Cf = C^ = 0; 5^ = 5o^ = h^ = o. 



CHAPTER XII. 
THE DESIGNING OF KNEE BRACED STRUCTURES. 

In this chapter the knee brace is considered as an elastic member 
with pivoted connections at each end. 

In the segment ACB of the knee braced column shown in Fig. 
13, a, suppose 5 to be the point of contraflexure, i. e., that no 
bending moment exists at this point. The external forces acting 
on the segment ABC will then consist of the shear S, applied at 5, 
the knee brace stress applied at C, and a bending moment and 
horizontal force at A to maintain equilibrium and keep the column 
vertical at ^4. In addition to these forces there exists the axial 
load on the column but, in all these discussions the effect of the axial 
load on the bending of the column is neglected. The effect of the 
shearing force S and the knee brace stress will be considered sepa- 
rately. 

For the Shearing Force S. — Referring to Fig. 13, a, 

M = Sa; Mg =^ M ^ Sx ^ S{a — x). 
This gives, for the elastic line 



d^y S 



hence 



Sx ( x\ 



^dy _Sx f 
dx 



and 

_ SxU x\ 

both constants of integration being zero. Thus the deflection at 
the knee brace connection at C is given by 

For the Stress in the Knee Brace. — Referring to Fig. 13, b, it is 
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Designing. — Referring to the above formula, it is very evident 
that the larger Ak becomes, i. e., the greater the cross sectional area 
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F/e/J-a 



F/6J3'i 



F/gJS-c. 



of the knees, the larger the total stress in the knee becomes also, 
and 6g approaches more nearly to the value zero. • 5^ cannot, 
however, reach as low as zero, for this would imply an infinite value 
of i4jb. Now, if it is desired to so determine A% that the allowed 
unit stress in the brace will not be exceeded, let s be the unit stress 
allowed; then 

m 



s = P 



nA 



or 



5 = 



4(»-T-) 



— im 






nA, 



or 



[ 



or 



3/ 



]- 



2nls 






Applications. — In applying these formulae the first thing to 
decide on is what value shall be assigned for **a/' The value of 
''a" will depend on what type of loading produces the bending in 
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the column and also, to some extent, on the disposition of the 
bracing. It has been shown in previous chapters that, for all kinds 
of loading the position of the point of contraflexure does not follow 
any simple law, but is quite variable; however, when the bending 
is due to wind pressure, for all stories above the basement it is 
fairly close to take a = c/2 when no knees are used. For other 
loadings it would be much wiser to assume a = f c. 

Now, if similar knees are used at both top and bottom of the 
column section, then, evidently, the values above will not be 
altered any. This, however, is not often a practicable way to brace 
a building, except in the end or wall sections of the building, because 
of the interference of the knee with the floor space. When knees 
are used only at the top (or bottom) the assumptions above will 
also hold quite well, as will be shown a little later. 

Now, as an example, assume the following data: 

S = 16,000 lb; c = 125 in.; x^ = 36 in. = n; m — 1414; 

n = 50.85 in. (45° bracing); / = 1,550; 5 = 15,000 lb per sq. in.; 

assume a = c/2 = 62.5 in. 
Solving for Ak gives 



. ^^:i>55o r-. 50B5 X 36^ X 50»5 50-85n 

Ak = = 16,000 X — — -73 = — I 

.^6' L 72X1,550X15,000 ^&t J 



3X 

36' L 72 X 1,550 X 15,000 352 

= — 6.94 sq. in. 
This is an impossible area of cross-section. 

Evidently the maximum unit stress which can exist in the brace 
will occur when Ak is a minimum. Making Ak = o, i, e., no brace, 

Snx^c[(^ " -^ j 16^000 X 36 X 36^ X 50.5 ^ 

5 = Tz = — ^-TZZ =4,720 lb per sq.m. 

2m2/ 2 X 50.852 X 1,550 

This is then the stress that would exist if the brace were but a thin 
wire (tension brace) and no greater stress will exist. Certainly 
then, so far as the brace is concerned, it carries stress at a remarkably 
uneconomical unit. 

Now, assume the brace to consist of 2 Z 's 3I in. x 3 in. x f in.; 
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then Ak = 4.60 sq. in. gross or 4.04 sq. in. net say; then 
^ 16,000 X 36^ X 50-35 X 5Q>5 

72 X 1,550 X 54.04 1 -^^'^^' + -^^- — 1 

^L352X4.o4 3X1,550 J 

= 3,360 K) per sq. in] 

Effect of Knee Bracing on Columns. — Using the angle bracing 
just mentioned gives 



r 5 0.85» 36^ 1 ^ 16,000 X 3( 

[36^ X 4.04 3 X 1,550 J i 2X1, 



3 6^ X 50.5 

550 



or 



hence 



or 



p 3 37,500 

P = = 9,610 lb. 

35.15 ^ 

16,000 X 36^ X 50.5 

'' = ^'^^i:^o 337,500 m., 

, 9,610 X 36» ^ 

Oc = — — = 96,100 in.; 

3 X 1,550 ^ 

^V = 337,500 - 96,100 = 241,400 in. 



yj = -^ — '- = 0.00861 in.; Jlf ' = 36 X 9,610 = 346,000 in. lb.; 

28,000,000 o yy ot f 

M = 62.5 X 16,000 = 1,000,000 in. K). 

Maximum resultant bending moment in column equals, 1,000,000 - 
346,000 = 654,000 in. ft). Thus the deflection will be reduced 
28.6 per cent, at the brace and the maximum bending in the column 
will be reduced 34.6 per cent, if the knees are used at both top and 
bottom; if used only at the top the maximum bending occurs at 
the bottom and equals 16,000 X 62.5 = 1,000,000 in. ft), and no 
saving of material but rather a waste would seem to be indicated; 
however, the brace serves to stiffen the girders. 

Discussion. — Professor Heller in his '* Stresses in Structures" has 
derived very complete formulae for portals of different types. 
For the type used in the above calculations, viz., a rigid girder with 
knee bracing, it is assumed that the brace is perfectly rigid, i. f-, 
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that C, Fig. 14, remains vertically under BD and the flexure curve 
is then as shown in the figure in solid lines. The bending moment 
at B is thus reversed from what would have existed had there been 
no knees. It is shown in the above calculations that the curve of 
flexure would be as indicated in the figure by the broken line, the 
effect of the knees being merely to reduce the deflection at^C and 
the bending at B as noted above. Professor Heller shows that, for 
his assumptions, 

a' {a' + c) 



c — a = 



3a' + c ' 



thus when a' = 9/10 c, a = 0.537 ^ and when a' = 0.5 c, a = 0.7 c. 

In order to determine about what the value of a should be when 

the knees are placed only at top or bottom, the formulae will now 



h-n-n: 





be derived for a knee braced plate girder portal, assuming the girder 
as rigid but the braces as elastic and with pivoted connections. 

Referring now to Fig. 15, 
For Column A , 

d}y 






Ely = Wx^ - \Sy? + P 

From 5c = o to 5c = a 

dy 



I ax ] 

(x^ ax^\'' 



+ Cx + C. 



X' 



Ely^ =Mx-S- 
dx 2 
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and 






Ely = iAfjc« - iSo(^. 


From X 


= a to X = c 




a* 


and 






C" = — P • 
% 6 • 



hence 



and 



dy (x^ \ a^ 



Now, when jc = C, dy/djc = o; hence, substituting and solving gives 
Similarly for Column J5, 

^ 2C 

Also, when x ^ c^ h for Column ^4 = 6 for Column B since the 
girder is rigid, but b for Column A 

Sd' P(c - ay(c + 2a) 

^^y-^TTi -[Ti — 

and similariy 8 for Column B 

_^ S'(^ _ P'(c - ay(c + 2aO 

"■ 12/' 12/' ' 

equating 8 for Column ^4 to 6 for Column B and solving gives 

Sc' (i + ^ j = P{c - ay{c + 2a) - Fj, {c-'ay{c+2a') + F(^j, 

since S' = F — S, 

When X = a^ 

Ma^ Sa^ 



176 Stresses in Tall Buildings. 

moments of inertia of the columns. It will be noticed that this 
simple relation does not hold in case the knees are considered 
elastic. 

Application.s — Assume the following data, to agree with that used 
in previous examples. 

F = 32,000 lb; I = r = 1,550; c = 125 in.; X^ = 36 in. = n; 
m = 50.85 in.; a = 89 in. (Fig. 15); Ak = 4.04. Then 



P=P' = 16,000 K) 



(125' - 3 X 892 X 125 + 2 X 89') 



= 10,200 K). 



50^5^ , 36^ X 392 

^ 362 X 404 12 X 125 X 1,550 

By the approximate method already given P was f ound to equd 
9,610 ft). The unit stress in the brace then equals 

10,200X50.85 ^ „ 

3—- = 3,600 lb per sq. in., 

36 X 404 t^ ^ f 

a close agreement with the 3,360 ft) per sq. in. obtained by the 
approximate method. Substituting in the value given for Af , gives 

^6^ 
M = 16,000 X 6.25 — 10,200 X ^— = 947,000 in. ft). 

250 

or a saving in the maximum column bending stress of only 5.3 per 
cent, by the use of knees. 

The point of contraflexure will be located a distance above the 
foot of the column equal to 

947,000 

—z = 59.1 in. 

16,000 ^^ 

or the proper value of a to use in the methods given in the earlier 
part of the chapter would be 

125 - 59.1 = 65.9 in. = 0.527c. 

Therefore an assumption of a = c/2 is a fair one to use in connection 
with the approximate method for wind loads. 

Now, supposing the columns of unequal cross sections the value 
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of 5 may be written 



^-^{lir)x-' 



where a is a variable coefficient. Assuming all the data of the 
above problem except that the value of /' is written 



r ^ ki = kx 1,550, 

where Jfe is a decimal and variable, the curve shown in Fig. 16 has 



5 ^s 



J97 
^ .95\ 
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/^ 



100 
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been drawn to give the values of a for all values of k from zero 
to unity: it will be noticed that the coefficient does not vary more 
than 5 per cent, from unity, is always less than unity and may for 
all practical purposes be considered as constant and equal to I. 

It will now be plain that, for wind stresses, the structure may 
first be computed as if no knees existed and then the stresses in the 
columns modified by the use of the approximate methods of this 
chapter and that for the sizes of the knee braces no arbitrary limiting 
unit stresses can be assigned, but, rather, the cross section should 
ht assumed in accordance with the engineer's judgment and the 
column designed to suit. 

The economy of the brace can not be a dominant factor unless 
braces are used both at top and bottom, a design seriously recom- 
mended. 



CHAPTER XIII. 
A DISCUSSION OF WIND PRESSURES ON BUILDINGS. 

Wind Velocities. 

Wind velocities are measured at all U. S. Weather Bureau Stations 
by means of the Robinson anemometer. This instrument consists 
of four hollow hemispherical cups, four inches in diameter, mounted 
with the open face vertical on the ends of radial horizontal arms 
connected to a vertical shaft, whose centre is 6.72 inches distant 
from the centres of the cups. The wind, striking these cups, sets 
the apparatus revolving about the vertical axis; this motion iii turn 
setting in motion a system of gears which automatically record 
the amount of the motion on a dial and usually also on an auto- 
graphically recording apparatus run by clockwork. The gears are 
so arranged that, after a certain number of revolutions of the axis 
are made, the dial indicates a change of unity in its reading. Pro- 
fessor Robinson (about 1840) believed, from his experiments, that 
the wind imparted to these cups a lineal circumferential velocity 
of the cup centres equal to just one third of the wind velocity and 
the dial and mechanism was then designed so as to indicate a move- 
ment of unity, or one mile, after the cup centres have travelled a 
distance of one third mile; he believed this ratio was independent 
of the diameter of the cups, the length of the radial arms, the 
weight of the instrument, and, above all, the velocity of the wind. 
Therefore all manufacturers graduated the dials for a uniform 
movement and they have been made in that manner ever since. 
In late years it was found that the readings really were dependent 
on all of these quantities. However, by adopting a standard size 
and construction for the Weather Bureau Standard and carefully 
prescribing the care to be taken of all instruments, all errors are 
practically eliminated save that one depending on the velocity of 
the wind. To eliminate this latter an extensive series of anemom- 
eter tests were made at Washington by the U. S. Weather Bureau 
and from a study of these results a forniula for correcting the 

anemometer readings was deduced; this formula is F = 0.509 + 

178 
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0.9012 log V, where V is the real velocity of the wind and v is the 
velocity recorded by the instrument, both in miles per hour. The 
corrections to indicated velocities by this formula are given in the 
following table. For intermediate values it will be sufficiently 
accurate to interpolate. 



Indicated velocity = v . . 
Corrected velocity = V . 






10.0 
9.6 


20.0 
17.8 


30.0 
25.7 


40.0 
33.3 


50.0 
40.8 


60.0 
48.0 


70.0 
55.2 


80.0 
62.2 


90.0 
69.2 



It is evident that the weight of the instrument reduces the sensi- 
tiveness to gusts. However the standard anemometer is designed 
to be as sensitive as is regarded practicable and, by rating the 
standard instrument as above, this trouble is practically eliminated. 

The wear of the bearings will also cause the instrument to give 
too small a reading, affecting both steady and gusty wind velocities. 
However the U. S. Weather Bureau has one such instrument in 
perfect condition after thrity years service and therefore, with an 
instrument well taken care of, this item will be negligible. 

The anemometer is ordinarily mounted on the end of an eighteen 
foot vertical support located near the central portion of the roof 
of the highest building in the vicinity. 



Wind Pressures. 

Observations have been made to determine wind pressures since 
about 1840 with more or less success, but probably the most trust- 
worthy of all are those made by Professor C. F. Marvin at Mt. 
Washington. Using the Robinson anemometer he deduces from 
his experiments the formula 

B 
p = 0.004 X — X v\ 

where p is the pressure in pounds per square foot, B the barometric 
pressure in inches of mercury, and V the real or corrected velocity 
of the wind as given by the velocity formula above. 

From this formula the following table of pressures is derived. 
For all practical purposes it will be sufficiently accurate to inter- 
polate for intermediate values. 



l8o 
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Indicated velocity 
Values of P 








10 
0.369 



20 
1.27 



30 
2.64 



40 
4.44 



50 
6.66 



60 
9.22 



70 
12.2 



80 
15.5 



90 
19.2 



Professor Marvin calls attention to the fact that for velocities 
of over 50 or 60 miles an hour this table, while probably the best 
information obtainable can not be regarded as accurate, because, 
first, it is very difficult to make observations at high velocities, 
second, the experiments did not cover velocities above those 
mentioned (about 60 miles an hour). These experiments were 
made on surfaces of 4 and 9 square feet. 

Discussion. 

Effect of Atmospheric Temperature on Wind Pressures, — Mr. A. R. 
Wolff, in "The Windmill as a Prime Mover," shows that, since 
the density of the air varies with the teinperature and wind is merely 
air in motion, the pressure of wind varies with the temperature and 
he further shows this variation to amount to as much as 20 per cent 
in a temperature range of 100° F. 

Effect of Altitude on Wind Pressures, — Since air is lighter In 
greater altitudes the wind pressure will also be less. Professor 
Marvin corrects for this in the formula already given. In addition 
to and quite distinct from this, it is also clearly recognized that the 
pressure varies as the distance above the general level of the sur- 
rounding territory, increasing towards the top of the structure. No 
very definite determinations of the amount and law of such varia- 
tions have yet been determined. The variation is probably 
due to the retarding action of the earth's surface, the effect being 
similar to that on the flow of streams. 

Effect of Size of Exposed Surface, — It is also well recognized that 
the wind effect on a large surface, per unit of surface, is somewhat 
less than on small ones such as are used in experimental determi- 
nations. Thus, Ketchum, in '* Steel Mill Buildings," suggests that 
the unit pressure on the vertical walls of buildings be considered as 
80 per cent of that for small surfaces. The pressure also varies 
with the shape of the surface, but in building work the surfaces 
may be so variable and broken that such a refinement is not practic- 
able; most surfaces are, however, plane and rectangular. 
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It is still an open question whether the outward falling of the 
walls of buildings is due to the sudden decrease of outside atmos- 
pheric pressure over that existing inside the structure, or to the 
suction due to the rapid motion of the wind, as above mentioned. 
The confusion is due to the fact that the rapidly moving air does 
not occur independently of the difference in atmospheric pressure. 

Conclusion. 

It must now be evident, from the above, that the pressure of 30 
pounds per square foot commonly used in designing is equivalent 
to an indicated velocity of about 130 miles an hour not allowing for 
gusts, or about no miles if gusts are assumed to increase the 
pressure 35 per cent; these figures are based on a coefficient of 
80 per cent for the wall of the building. 

It seems to the writer that the customary location of the anemom- 
eter may not be quite free from the suction effects mentioned. 

It will be noticed that for the high winds that are ordinarily likely 
to be encountered in experiments on a tall office building (50 miles 
an hour indicated) the average unit pressures will not be over about 
5 pounds per sq. ft. (80 per cent X 6.66). The probability of a 
severe storm such as a tornado, with its very narrow path, striking 
a particular tall building is very small indeed and especially during 
an investigation of only two months duration, since the Weather 
Bureau records show only one storm exceeding an indicated velocity 
of 90 indicated miles an hour in a ten year interval. 



CHAPTER XIV. 
DESCRIPTION OF AND DATA FOR EXPERIMENTAL BUILDING. 

A study of Figs. 17 and 18 will give a comprehensive Idea of the 
position and exposure of the seventeen story office building chosen 
for the experiments described in the following Chapter. It will 
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be noticed that the building faces south with a twelve story office 
building abutting on the east and a five story one on the west. 
As the surface slopes downward rapidly to the west and no obstruc- 



tion of any magnitude interferes, the west winds have a most 
favorable opportunity for displaying the energy embodied in'them. 
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The fact that the twelve story building abuts against the seventeen 
story one is, of course, an unfortunate feature, and necessitates the 
discussion of the characteristics of this building also. In Fig. 19 
are shown the general floor plans of the two buildings in their 
respective positions with the column numbering given for reference 
throughout the discussion. The seventeen story structure will 
hereafter be referred to as structure A and the twelve story one as 
structure B. 

Structure B is of the cage construction type with portal bracing, 
the latter consisting of light I beams (7 in. and 10 in.) with field 
connections bolted. In other words there is no structural bracing, 
and rigidity is furnished only by the partitions and inertia of the 
structure. As shown by Baier in his paper on the St. Louis tornado 
{Transactions A. S. C. £., Vol. XXXVII, pp. 221, 307), the value 
of inertia in resisting high wind pressures is not a very dependable 
quantity, and it seems likely that the partitions furnish whatever 
real rigidity this structure possesses. The building was erected in 
1901 and, during erection, was subjected to a fairly severe wind 
storm. This occurred when the steel frame had been erected, and 
partitions placed in the two top stories only. The effect of the wind 
was to distort the portion from the fourth to the tenth story, pushing 
the tenth story 7| in. to the east. The two top stories were not 
distorted, but were kept in a vertical position by the bracing effect 
of the partitions. The four lower stories were protected by a four 
story building adjacent. When the structure A was built later, 
the wedge shaped opening caused by the leaning of structure B at 
the party wall was filled at both front and rear walls for the sake 
of appearance. 

Fig. 20 shows the type of column used in structure B and the 
method of splicing same. The following table gives the sections 
of some of the columns used in this structure and the story heights. 
All columns are composed of 8 angles, as shown in Fig. 20, and the 
table gives the size of these angles. Horizontal lines indicate 
position of column splices. Fig. 21 shows an elevation of the 
frame of structure -4 on a section through columns 14, 15, 16, and 17 
in the plane of the rear or north wall. Fig. 22 shows a similar 
section through Columns 11, 12, and 13, two of these columns, 11 
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and 13, being the ones on which tests were conducted, as described 
in Chapter XV. Fig. 23 shows the type of column used and 
method of splicing same. Attention is called to the relative sizes 
of the columns of structures A and B. The character of the 
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footings of structure A may be seen by referring to Figs. 19, 21, 
and 22, The following tables give the sizes and properties of 
columns 11, 12, and 13 and all story heights and the sections of the 
four bottom stories of Columns i, 2, 3, 14, 15, 16, and 17 for com- 
parison. 
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Col. 


Sec. 


Web. (x-Pl.). 


4-Z.s. 


Cov. Pis. 


Area. 


1 
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17ix| 


6x4x 1 


2 Pis. 16 X H 


62.88 
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B 
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6x4x i 


2 Pis. 16 X A 
2 Pis. 16 X } 


54.88 
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6x4x} 


64.88 
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CHAPTER XV. 
DESCRIPTION OF AND RESULTS FROM EXPERIMENTS. 

The experiments conducted on structure A of the previous 
chapter are in some respects limited. These experiments were 
undertaken with the view of determining, if possible with the 
limited resources and working conditions available, the following 
features: first, the manner of variation and amount of the unit 
stresses in the basement columns of a high portal braced structure 
under the action of wind pressures; second, the period of vibration 
of such a structure under variable wind velocities; and third, the 
total deflection of the structure, at the top, under wind pressures. 

The following are the features which either limit or mar the value 
of these experiments. 

First. The only exterior columns (ii and 13) to which access 
could be had can not be said to be connected rigidly to the floor 
girders, since these girders are merely 18 in. and 20 in. I beams with 
the customary connections (see Fig. 22 and 23). No knees were 
used and the connections are capable of transferring only small 
bending moments. The value of these connections, in bending, 
will be given a little later. As will be seen from Fig. 21 the bracing 
in the planes of the front and rear walls is very much more rigid, 
although the form of connection still subjects the rivets to direct 
tension under the flexure due to wind pressure (as well as all other 
causes). These sections may however be said to be really portal 
braced, and, in addition, have the stiffening effect of the walls of 
the building. It must be realized that if the girders could not 
take care of any bending at the connections and there were no other 
factor to resist distortion, then the frame must simply close up on 
itself under lateral forces, as shown in Fig. 24. Thus, if the con- 
nections to Columns 11, 12, and 13 were purely of this type, then 
evidently the sections in the front and rear walls must take care of 
all lateral forces, these forces being transferred to them at each story 
through the floors, which act as deep, stiff girders, as was mentioned 
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in Chapter 11. Thus it is regretted that the stresses in the columns 
in either front or rear could not also have been measured. 




Second. Extensometers could only be attached to one comer of 
the columns and thus it is impossible to determine just what part 
of the measured stress is due to flexure and what part is axial 
stress. 

Third. It would have been highly desirable to measure the 
stresses in the columns at say every third or fourth story and to 
obtain the measurements as nearly simultaneously as practicable. 

Fourth. The element of resistance afforded by structure B to 
the west winds (the only winds whose effects are considered in this 
investigation) is a very uncertain one. It may be as low as nothing 
for ordinary wind velocities but for very violent storms it would 
undoubtedly amount to something. 

Fifth. As will be shown later, the largest variation of unit stress 
to be expected under the most reasonable assumptions for the 
maximum winds obtained requires the most delicate measurement 
and careful corrections for variations of Column temperatures and 
instrument variations caused by variation of temperature and rela- 
tive humidity. 

Sixth. The observations for deflection and vibration of the 
building were made with a theodolite in the elevator shaft and 
elevator service could not be interrupted (an exception to this was 
made one evening). 

The small space allowed for placing signals and lights and result- 
ant poor illumination and the risk of life and instruments in the 
shaft, under a moving elevator run by irresponsible youths, together 
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with the necessity of the writer to make all preparations and obser- 
vations without assistance, combined to make these observations of 
short duration, infrequent and of a much less elaborate nature 
than was intended. 

Description and Use of Apparatus. 

Vibration and Deflection Experiments. — A theodolite was placed 
in the elevator shaft at the point marked X in Fig. 19, this point 
being a tack set in the concrete floor of the bottom of the shaft. 
A signal, as shown in Fig. 25, a, was securely wedged in between 
the elevator guide and the wall at the middle of the sixteenth story 
so as to be just visible from the foot of the shaft when the elevator 
was clear at the top, i, e., at the seventeenth floor. The divisions 
on this signal were one half inch. The signal shown in Fig. 25, 6 




/ye:2Sa 



i 



/vo. 2 5- A 

was nailed to the wall of the shaft at a point about two feet above 
the first floor level. It could not be placed any lower, as the mini- 
mum focal distance for the telescope of the theodolite was about 
ten feet. The graduations for this signal were one quarter inch 
and read from west to east as shown. 

The theodolite was equipped with a prismatic eyepiece. When 
set up in the shaft the plate bubbles were carefully levelled, then, 
turning the instrument into the plane of the signals, the striding 
level was placed in position, always with its adjusting end to the 
west, and the level carefully brought to the center with the instru- 
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ment in this position. Removing the striding level and focusing 
on the light at the signal of Fig. 25, a, the cross hair was set on the 
line "aa'' of the signal, an average of the vibrations of *'aa" back 
and forth being judged by the equal widths of white and black 
covered by the cross hair as its apparent motion swung back and 
forth. After securing this setting the telescope was plunged to the 
signal of Fig. 25, b, and a reading recorded as '* direct reading." 
The instrument was then reversed and, without reapplying the 
striding level, the above operations were repeated and the reading 
on the signal of Fig. 25, b, was recorded as " reversed reading." The 
striding level was then applied to test for any settlement that 
might affect the readings. 

In the observations for building vibration the lower signal was 
not used, but vibrations were estimated by eye on the half inch scale 
divisions of the signal of Fig. 25, a. 

Experiments for the Determination of Column Stresses. — ^As has 
already been mentioned these experiments were made on the 
basement sections of columns 11 and 13. The Boyd-Morris extens- 
ometer, which has been so successfully used at the Ohio State 
University for some years past, was used to measure the change in 
length of the columns. This instrument is shown (not to scale) 
in Fig. 26 and in position on Column 13 in the cut, Fig. 27. Center- 
punch holes, about -^^j in. deep, were made in the steel columns for 
the reception of the hardened points shown on the brackets at 
A and B; these brackets were then placed in position and 8 in. 
malleable iron clamps used to hold them securely to the column. 
Center punch marks were used as an extra precaution against 
slipping of the brackets. The nut at C was then adjusted until 
the piston CD came to a bearing on the plunger -E, did not stand 
out of the cup F, and yet left sufficient allowance for free variation 
in the height of the bottom of the piston. The set screws at D were 
then tightened and the spring clip G adjusted so as to hold the 
bottom of the piston against the inner wall of the cup F, 

The set screws H were then adjusted so as to take out all play 
in the bearings, which are shown in Fig. 26, a, to a larger scale. 
The micrometer / was then adjusted so as to be in a vertical plane 
with the black pinhead / centered over the micrometer screw and 
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proper allowance was made for the expected vertical movement of 
the pinhead /. 

It will be seen then, that if there is any change in the length of 
the section A-B of the column, the bracket at A will move relatively 
to that at B; the amount of this movement will be the amount of 
the relative variation in height of the bottom of the piston CD, 
except as modified for the effects of temperature, etc. Now, if the 
plunger E is, at each observation, pushed into contact with the 
bottom of the piston CD, and a light rubber band placed around the 
lever as shown in the Fig. 26, to keep the knife edge of the lever HJ 
constantly in contact with the bottom of the plunger, then the 
vertical variation of the height of the black spherical head of the 
pin / will be 50 times the corresponding change in length of the 
column. Thus, by reading the micrometer / to the delicate tan- 
gential contact of the pinhead / with its reflection in the polished 
top of the micrometer screw, a series of readings may be obtained, 
indicating the range of stress in the column. A thermometer K 
was clamped to the column in the position shown and at its base a 
wooden cup L, with an open face next the column surface, was 
pasted and clamped to the column around the mercurial bowl of 
the thermometer and this cup was then filled with mercury so as 
to give as correct a value of column temperature variation for the 
height AB as possible. The wooden rod CD will be subjected to 
temperature correction as will also the steel column and the temper- 
ature variation for it is taken the same as indicated by the thermom- 
eter for the column. The coefficient of expansion for the wooden 
rod will be about one third of that for steel, according to Trautwine, 
and therefore, for a variation of column temperature of 1° F. the 
coefficient of expansion used in correcting the readings of the micro- 
meter / for temperature variation will be taken as f X 0.0000067. 

It is realized that the varying relative humidity might affect the 
length of the wooden rod CD and the writer has been unable to 
find records of tests for the variation of length due to such a cause; 
the only related data found was a series of saturation tests (water 
soaked for 37 days) by De Volson Wood. These gave an elongation 
for saturation of 0.00065 of the length, for pine. Wood will absorb 
as high as 50 per cent, of its dry weight of water and from 8 to 16 
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per cent, from the atmosphere. The conditions of the outside air, 
however, are far diflferent from those in the basement of this struc- 
ture, in which are no windows or doors communicating directly 
with the outside air. In addition, natural gas is burned under the 
boilers nearby the columns tested and a high and nearly constant 
temperature is maintained in this part of the building. It is 
considered in the absence of tests that the small changes in humidity 
will cause no appreciable change in length of the rod CD. 

It has been suggested by Professor Boyd that an invar rod be used 
for CD in place of the wooden one now used; this would eliminate 
both the temperature correction of the extensometer and all un- 
certainty due to humidity. 

In the experiments on Column 13 difficulty was encountered in 
satisfactorily clamping the brackets to the column. This was due 
to the presence of a one inch wrought iron water pipe M and a three 
inch cast iron water pipe iV, as shown in Fig. 26. Wooden wedges ? 



-r 
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were driven in between the pipe M and the column and the clamps 
then extended from the brackets around the pipe ikf, a wooden 
block Q being placed over the bracket at -4 as a further precaution. 
The pipe M was always cold. 
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Connections were made directly to Column 1 1 but no mercury 
contact was provided for the thermometer in that case. 

The position of extensometer attachments to Columns 11 and 13 
IS shown in Figs. 22, 28, a, and 28, b, respectively. 

Weather Bureau Records, — ^The station anemometer and weather 
vane for this vicinity are located on the rear of the top of struc- 
ture A (see Figs. 17 and 18). On the first of the month visits 
were made to the Weather Bureau Office and the indicated wind 
velocities and wind directions were recorded for the time of each 
micrometer and theodolite reading taken. Also, the thermograph 
records were carefully traced on transparent paper, later to be 
reconstructed on another scale, using vertical ordinates. 

Anticipated and Measured Results. 

Deflection and Vibration — Anticipated Results, — It has been shown 
in Chapter X that the deflections of a structure as computed by the 
methods of Chapter II are very much less than when computed 
by the methods of Chapter III. 

As has also been shown, the method of Chapter III is very 
laborious and therefore, in calculating anticipated deflections the 
methods of Chapter II will be used. 

Structures are usually designed for a uniform wind pressure of 
30 pounds per square foot of surface and the deflection of the top 
of the building will be computed for this pressure. It will also 
be computed for the maximum wind pressure experienced during 
these investigations. This was for an indicated northwest wind 
velocity of 44 miles per hour, which interpolating in the table of 
Chapter 13 is equivalent to an average pressure of 5.33 pounds per 
square foot. Resolving into north and west components gives a 
west wind of 0.707 X 5.33 = 3.77 pounds per sq. ft. Allowing 
an increase of 35 per cent for gusts and using a coefficient of 80 
per cent for the wall surface, there results a pressure of 3.77 Xi.35 
X 0.80 = 4.06 pounds per square foot. The total deflection 
will then be calculated for pressures of 30 and 4.06 pounds per 
square foot. 

Referring now to Fig. 22 the heights of the stories and the depths 
of the girders will be found, and Fig. 19 gives the widths of the 
bays and the spacing of the columns. 
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First it will be considered that the section through columns ii, 
12, and 13 is thoroughly portal braced. Then the wind on a section 
16 ft. 4i in.. wide will be assumed to be transferred to these columns. 
The values of the deflections for 30 pounds per sq. ft. are then as 
follows : 



Slory. 


c 


F 


-S.F 


i" 


1" 




126 


10,903 


10,903 


3,635 


727,500 




126 


5,884 


16.787 


5,075 


1,016,000 




126 


5.884 


22,671 


6,855 


1,372,000 




126 


5,884 


28,555 


8,615 


1,276,000 




126 


5,884 


34,439 


10,390 


1,539,000 




126 


5,884 


40,323 


12.500 


1,420,000 




126 


5,884 


46,207 


14.320 


1,628,000 




126 


5,884 


52,091 


16,400 


1,521.000 




126 


5,884 


57,975 


18.260 


1,694,000 




126 


5,884 


63,859 


17,800 


1,518,000 




126 


5,884 


69,743 


19,440 






126 


5,884 


75.627 


19,500 






126 


5,884 


81,511 


21,020 






126 


5,884 


87,395 


28,010 






126 


5,884 


93,279 


29,900 


1,690,000 




165 


6.683 


99,962 


31,550 


3.580,000 





150.5 


7,180 


107,142 


33,800 


2.915,000 



Thus the total deflection at the seventeenth floor for a pressure 
of 30 pounds per square foot would be only 



Then, for a pressure of only 4.06 pounds per sq. ft. the ceflection 
would be 

4.06 



30 



X I.012 = 0.136 in. 



Now, if the same ratio (i : 3.08) between "^ije results of the 
methods of Chapters II and III respectively, alVwas found in 
Chapter X be considered to exist here, the value of the above de- 
flections would be 3.12 in. and 0.420 in. respectively. 

Again, suppose that the sections in the north and south walls of 
the structure are the only sections resisting wind pressure and that 
the resistance of the walls be neglected. As was noticed in Chapter 
XIV the section areas of the columns 14, 15, 16, and 17 are about 
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the same as those of columns 11, 12, and 13; let them, for these 
calculations, be assumed all equal and the same as column 11. 
Remembering that 5^* will then equal SF/4, the deflections will be 
as follows: 



Story. 


c 


F 


2^ 


5" 


514 


16 


114 


13,525 


13,525 


3,381 


502,000 


15 


114 


11,768 


25,293 


6,323 


937,500 


14 


114 


11,768 


37,061 


9,265 


1,374,000 


13 


114 


11,768 


48,829 


12,207 


1,340,000 


12 


114 


11,768 


60,597 


15,149 


1,664,000 


11 


114 


11,768 


72,365 


18,091 


1,524,000 


10 


114 


11,768 


84,133 


21,033 


1,772,000 


9 


114 


11,768 


95,901 


23,975 


1,650,000 


8 


114 


11,768 


107,669 


26,917 


1,850,000 


7 


88.5 


11,768 


119,437 


29,859 


880,000 


6 


88.5 


11,768 


131,205 


32,801 


967,000 


5 


88.5 


11,768 


142,937 


35,743 


976,000 


4 


88.5 


11,515 


154,488 


38,622 


1,054,000 


3 


82.5 


11,768 


166,256 


41,564 


657,000 


2 


82.5 


11,768 


178,024 


44,506 


705,000 


1 


145 


14,305 


192,329 


48,082 


3,700,000 





135 


15,420 


207,749 


51,937 


3,225,000 



S = 24,777,000 in. 

Thus the total deflection at the seventeenth floor for a pressure 
of 30 pounds per square foot would be only 



24,777,000 
28,000,000 



= 0.885 in. 



Then, for a pressure of only 4.06 pounds per sq. ft. the deflection 

would be 

4.06 



30 



X 0.885 = 0.120 in. 



Now, under the assumption that the floors carry all the wind 
pressure to the ends of the building it will be seen from this table 
that the total wind load carried by any one floor is only about 24,000 
pounds, and as the floors form very deep wind girders the deflection 
of the floors at the section through columns ii, 12, and 13 will 
certainly be very small. Suppose it to be negligible; then from the 
above figures it will be seen that, in this particular design, practically 
the same deflection at the section through columns 11, 12, and 13 is 
obtained whether this section is assumed as strictly portal braced 
or with no bracing whatever. 
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The only records of tests on tall buildings that the writer has 
been able to find are those on the Monadnock and Pontiac Buildings 
in Chicago, the first named building being a seventeen story struc- 
ture which might be considered as really two structures, one of 
veneer cage construction and the other of skeleton construction with 
solid brick walls six feet thick at the sidewalk. The Pontiac 
building is a fourteen story one of the skeleton construction type. 
The maximum vibrations were observed on the Monadnock building 
and ranged from J in. to | in., the larger values being for the portion 
of the veneer construction type. The wind had an indicated 
velocity of 80 miles an hour and came from the northwest and the 
exposed portion of the building considered faced west. This wind 
is equivalent to 

15.5 X 0.707 X 1.35 X 0.80 = 11.80 pounds per square foot. 

It will be noticed that such a pressure on the seventeen story 
building considered in this Chapter would cause a maximum 

deflection of 

11.80 

X 1. 012 = 0.394 in. 

30 

under the most favorable condition for deflection, i. e., that section 
11-12-13 is rigidly braced. 

There is no great discrepancy between this vibration of 2 X 0.39 
= 0.78 in. and the i in. observed vibration and when it is re- 
membered that the sizes of the columns, their unsupported height 
and the number of columns in a cross section are the factors affecting 
the amount of the deflections and that when the structure is calcu- 
lated as an entirely elastic one the deflections would not likely 
exceed 3.08 X 0.394 = 1.21 in., it can only be said that these actual 
observations merely furnish a reasonable estimate of the value of 
walls and partitions in resisting wind pressure and do not seem to 
furnish such a disagreement as Freitag in '* Architectural Engi- 
neering'' points out. 

Although the writer has no data on the frame of the Monadnock 
block, he believes his estimates above to be large, as the Monadnock 
block is a wider structure than that considered in this chapter. 
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2o6 Stresses in Tall Buildings. 

A tall building is such a composite structure that the time of 
vibration can not be closely estimated and no attempt is here made 
to do so. The time of vibration given for the Chicago experiments 
was two seconds. 

Results as Observed on Striicture A . — ^The records of observations 
for deflection and vibration, as made by the writer are as given in 
the table on page 205. 

From the above table it will be seen that the largest indicated ve- 
locity during the observations was 44 miles per hour, equivalent to 
a pressure of 4.06 pounds per square foot normal to the west wall. 
The largest observed vibration was of a momentary nature and not 
greater than ^ in. The times of vibration seem quite variable and 
in fact there was evidence that any one vibration as observed was 
itself made up of a number of much smaller and more rapid vibra- 
tions. The times of vibration seem quite variable and do not 
seem closely related to the indicated velocities. It is known that 
the time of vibration should theoretically vary about as the square 
root of the pressure or almost directly as the velocity and about as 
the three halves power of the height of the structure for a com- 
parison of different structures. This is on the assumption that the 
structure acts like a beam, an assumption which has been shown 
to be far from correct. As noted in the remarks column of the 
above table the first four readings of signal Fig. 25, ft, were from 
sights on an old signal in place of that of Fig. 25, a, and are not 
related to the following readings. The readings on the signal of 
Fig. 25, bf have a variation of | in., both in the direct and reversed 
readings. The writer can only account for this by assuming that 
the effects of temperature, described later, caused the building to 
lean; this seems especially probable since the results indicate a 
leaning to the west on March 27 of f in. from the readings of March 
15 under almost identical conditions of the wind. Striding level 
tests showed only very small settlements of the theodolite and 
could not account for more than -jg in. variation, as tested. 

Assuming a maximum vibration of | in., as found above, for a 
pressure of 4.06 pounds per square foot, this vibration will be closely 
twice the deflection from the normal position, since the vibrations 
pass back and forth through this position; therefore the observed 
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deflection for the top of the structure under a pressure of 4.06 pounds 
per sq. ft. may be taken as 0.25 in. By the methods of Chapter II 
it was found that this deflection would be 0.14 in. and by Chapter 
III about 0.42 in. These figures take into account the effect of 
gusts and indicate that the walls and partitions reduce the de- 
flections about 40 per cent. In other words, the walls and par- 
titions in this structure seem to be secondary and not primary 
agencies in resisting distortion due to wind. This is certainly a 
highly desirable feature in a tall building. The dependence on the 
walls and partitions is probably even less than given here, for it is 
believed that the ratio i : 3.08 from Chapter X, will be found to be 
too small for higher structures than the five story one, of only two 
columns to a cross section, to which it refers. 

Column Stresses — ^Anticipated Results. 

The unit stresses at the position of the extensometers on columns 
II and 13 will now be computed by the method of Chapter II for 
pressures of 30 and 4.06 pounds per square foot. 

For 30 pounds, the unit column stresses at the points of contra- 
flexure (half the unsupported height from the casting) are as in the 
following table. 



X 


Y 


A" 


AW 


AW 


J 


jii 


+140,400,000 





+215.8 


+46.1 


+236.1 


+23.14 


-4,990 


X 


Y 




ji« 


jl8 


Kii 


KM 


Kw 


+140,400,000 


-1,066 


+5,465 


-274,000 


-58,500 


+332,500 



The extensometer on column 11 was placed 7.13 in. and that on 
column 13, 17.87 in. below the pointsof contraflexure and on the inner 
extreme fibres of the columns. If these distances are designated as 
''z,'* then for both of these columns the extreme fibre unit stresses 
will be less than those given in the above table by the amount 
Sz'VJI. The total wind shear on the section is 107,142 pounds, as 
already given. Then 

511 = 33,800 ft), 512 = 33,800 ft), and 513 = 39,540 ft). 
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The extreme fibre stress for column 1 1 at the extensometer will be 

, 33>8 ooX7> 13X9-44 , ^o «. • 

-•4»990+ :rTZr2 = -4,990+689= -4,201 lb per sq. in. 

For column 13 the stress would be 
39,540 X 17-87 X 962 

+ 54^5 j^^^;^ + 5^465 - 1,767 

= + 3,6981b per sq. in. 

Now for a maximum pressure of 4.06 pounds per square foot these 
quantities become 

406 ^^ ^^ „ 

X — 4,201 = — 568 ID per sq. in. 

and 

4.06 

X 3,698 = + 500 ft) per sq. in. 

respectively. 

It is now interesting to note a few of the relations concerning the 
interpretation of the micrometer readings. 

The smallest reading of the micrometer is o.ooi in. 

The extensometer magnifies changes in length 50 times. 

One division of the micrometer (o.ooi in.) is equivalent to 

o.ooi X 28,000,000 „ 

— = 13.10 ft) per sq. in. 

50 X 42.75 ^ ^ 

of unit stress in the column. 

One degree change in temperature is equivalent to 

0.0000067 X 42.75 X 50 

= 14.4 

O.OOI ^ ^ 

divisions of the micrometer, or two-thirds of this, equal to 9.57 
divisions when the simultaneous expansion of the wooden piston 
CL( is allowed for. 

Also, one degree change of temperature is equivalent to 9.57 X 
13.10 = 125.3 pounds per sq. in. of change of unit stress in the 
column. 



Ibe 



.m. 



m. 



lie 



Results from Experiments. 209 

The maximum number of divisions of the micrometer to be 
expected to be recorded under wind pressure would then be only 

568 

= 434 



13.10 



(twice this, allowing for vibration back and forth). 

An error of about 8** F. in column temperature or possibly a 
small change in relative humidity would entirely vitiate these 
results. 

It was shown by the method of Chapter III that the points of 

ese contraflexure fall considerably above the mid height. Suppose 

they occur at the three quarter point; then the stresses at the 

extensometers on columns 11 and 13 become, for 30 pounds per 

sq. ft. 



and 



44.25 X 9.44 
- 4,990 + 33,800 X — ^.^^^ = - 700 ft) per sq. in. 

^r.Ar 39,540 X 5500 X 962 , ^^« 

+ 5465 3 J. = + 15 ft) per sq. m. 



respectively. For a pressure of 4.06 pounds these stresses are 
only — 95 and + 2 ft) per sq. in. respectively. In this case the 
stress would hardly be noticeable in column ii and certainly not 
in evidence in column 13. 

The rigidity of the connections of the 18 in. I beam floor girders 
to column 11 will now be investigated. The shear in the column 
in the basement story, for a 30 pound pressure, is 33,800 ft) and in 
the first story 31,550 ft), as given in previous table. Thus the 
connection must be able to resist a bending moment of 

31,550 X 91.5 + 33,800 X 84.25 = 5,735,000 in. ft). 
For a pressure of 4.06 pounds the connection must resist a moment of 

4.06 



30 



X 5,735,000 = 775,000 in. ft). 



Referring now to Fig. 23 the rivets and spacing used for this 
connection will be found. The strength of the connection evidently 



2IO Stresses in Tall Buildings. 

depends on the value of a rivet in direct tension and experience has 
shown that no definite distinction can be made between shop and 
field driven rivets in this respect. Consider that the wind tends to 
bend the column around the toe of the upper connection angle. 
Then, if s represents the value of the rivet in the vertical leg of the 
lower connection angles and the value of the other rivets is assumed 
proportional to the distance from the toe of the top angle, the 
moment of resistance of the connection will be 

[4 X Ts^ + 2 X 6^2 + 2 X 9^« + 2 X 12.002 + 2^ 

X 15.75' + 2 X 18.752 + 4 X 23.752] = 169^. 



23.75 



The turning moment around the toe of the top angle will be a 
little greater than that previously deduced for the neutral axis, but 
the difference is not great and it is close enough to say that 

1695 = 775»ooo 
or 

s = 4,580 lb, 

this being then the maximum stress on a rivet. All rivets are f in. 
It is well known that a rivet may be worth as low as zero for this 
type of stress or may stand a much higher stress. It is to be realized 
that the resultant stress on these rivets will be higher than 4,580 ft) 
because of the vertical shearing stress which they receive. Another 
item to consider is that such a stress as this on the rivet will cause 
the joint to give sufficiently to destroy to a great extent the fixed 
condition assumed to start with. 

These figures all indicate that the sections in the north and south 
walls furnish the most of the resistance to wind; especially must 
this be true for much higher pressures than 4.06 pounds per square 
foot. 

The following table gives the results obtained in these experiments. 
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Discussion of Results. 

It IS very quickly apparent that there are very large unit stresses 
in both these columns which can not in any way be attributed to 
wind pressure. In fact, during each high wind recorded above 
careful readings were made on the micrometers and no variations 
of as much as o.ooi in. could be detected over periods of thirty 
minutes of observation, on either Column ii or 13. The writer 
noticed however that after a high wind the reading would usually 
increase with a jump; this, together with the fact that a high wind 
was usually followed by colder weather, suggested temperature 
variation as the cause of the stress variation in the column. By 
this is meant the variation in the temperature of the outside air and 
not the column temperature, which has already been corrected for, 
as shown in the above tables. In order to present the relation 
between the variation in column stress and the atmospheric tem- 
perature the curves of Fig. 29 have been constructed. The solid 
irregular series of straight lines represents the variation of stress 
in Column 13 and the solid irregular curved line represents the 
variation of temperature. The curve of wind velocities has not 
been shown since there can be no doubt but that it is not at all 
related to the stress curve. 

An attempt will now be made to explain the curve for column 13. 
Column II is in the west wall of the building, while Column 13 is in 
the party wall between structures A and J5. Any change of outside 
temperature will affect column 11 before reaching column 13, even 
though there is a small air space between the walls of the two 
structures A and B. Now, when a decrease of temperature was 
experienced it was noted that column 13 stretched, i. e., that the 
micrometer readings increased, and vice versa for an increase of 
temperature. Another fact noted was that the change in the 
column stress did not take place immediately after a change of 
temperature, but that there appeared to be a lag in the effect on 
the column. In Fig. 29 the dotted line shown is an attempt to 
average the temperature curve: the intersections of the straight 
average temperature slopes are lettered and on the stress line for 
column 13 are marked by these letters, with a prime, the points 
which the writer considers to correspond with the same lettered 
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point on the temperature line. Thus /' on the stress curve corre- 
sponds to / on the line of average temperature slopes. This means 
that the temperature, starting on a gradual increase at 6 P. M., 
April 8, does not affect column 13 until 4 P. M., April 11, or almost 
three days later, when the stress change becomes compressive. 
Stresses measured upwards in Fig. 29 are really tensile or represent 
a decrease in the column unit compressive stress. Thus, for every 
rise in the average temperature line there should be a corresponding 
fall in the stress curve and this seems to be proven in the figure 
without an exception. The amount of lag will be seen to vary 
from about a day to three days. Large changes of temperature of 
only short duration seem to have little effect on the column, but a 
steady change extending over about a week's time may cause a 
most serious range of column stress. For example note the effect 
of the warm wave of April 22-27 and the effect on the column 13 
from April 26 to May i, a range of over 6,000 pounds per square 
inch. These stresses are not only large, but they are alternating 
and have an effect similar to varying the load on the structure • 
The creaking of this building has been a very noticeable feature 
since its erection, and this is undoubtedly merely audible evidence 
of the stresses which must exist. 

Now, since the instruments were only applied to the inner extreme 
fibre of the column, there is no way to tell whether the fibre stresses 
recorded above are due to bending or due to a uniform eixial column 
stress. The writer assumes them to be uniform axial column 
stresses for the following reasons: 

It has been shown from Fig. 29 that a drop in temperature will, 
after a lapse of from one to three days, produce tensile increments 
or a decrease in compressive stresses and likewise a rise in tempera- 
ture causes compressive increments. Referring now to Fig. 30, 
suppose Column 11 to be shortened by the decrease of temperature 
which does not, however, directly affect column 13, since it is 
protected by structure B, If no resistance were offered to this 
shortening, the amount of the shortening would be AA\ say: but 
the point J5, on column 12, acts as a fulcrum for the lever composed 
of the girders AB and BC and, while there will be sufficient freedom 
in the connections of the beams to allow column 1 1 to contract 
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almost freely for a certain distance, when this limit is reached the 
lever A C comes into play and any further contraction will produce 
tensile increments, or a stretch, in Column 13, as was found in the 
experiments for that column. As soon as stress starts up in column 
13, a similar stress (tensile), equal to b'jb times the total induced 
stress in column 13 will exist in column 11. This tensile stress in 
column 1 1 will offset part of the contraction of that column and an 
extensometer applied to the column will register the real or resultant 
shortening of the column. It may then be said that the free con- 



^ies/. 




j^a^/f 



traction that would ensue from temperature alone equals the 
shortening as shown by the extensometer plus the tension elongation 
due to Vjb times the total induced stress in column 13. There will 
also be some energy taken up in deforming the beam AC. It will be 
seen then that when the temperature falls Column 13 will not be 
affected until the freedom in the connections is first taken up and 
then the flexure of the beam A C will continue to cause a small lag 
in the effect on column 13. Similar results would ensue if the 
temperature were to rise. In the following table the stress change 
in Column 13 has been multiplied by Vjb times the ratio of the area 
of Column 13 to that of column 11 (basement story) and added 
to the ''stresses'* as already given for column 11, after first sub- 
tracting these latter figures from 5,150, as so to make the resultant 
reading for March i, at 8 : 10, zero. These resultant unit stresses 
have been converted into degrees of temperature (F.) by dividing by 



0.0000067 X 42.75 X 131 X 50 



o.ooi 



= 188. 
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These figures then represent the fall of temperature required to 
produce the effects noted. Subtracting all these figures from 80° 
gives a curve supposed to agree closely with the temperature curve 
plotted from the thermograph records. It is to be noted that the 
experiments on Column 11 ran only up to March 17; they were then 
discontinued because the extensometer was thought not to be work- 
ing properly. 



Col. 13 Stress. 


LI 

^X Col. 13. 1 


5150 — Col. II. 


Sum. 


°F. 


80°/^. 


- 157 


- 290 


+ 290 





0° 


80.0** 


249 


460 


640 


1,100 


5.8 


74.2 


484 


895 


775 


1,670 


8.9 


71.1 


890 


1,645 


970 


2,615 


13.9 


66.1 


982 


1,817 


1,520 


3,337 


17.8 


62.2 


773 


1,425 


1,890 


3,315 


17.6 


62.4 


943 


1,740 


1,522 


3,262 


17.3 


62.7 


1,061 


1,960 


1,287 


3,247 


17.2 


62.8 


1,506 


2,780 


325 


3,105 


16.5 


63.5 


1,533 


2,825 


670 


3,495 


18.6 


61.4 


1,402 


2,590 


723 


3,313 


17.6 


62.4 


1,467 


2,710 


1,533 


4,243 


22.5 


57.5 


1,558 


2,880 


2,346 


5,226 


27.8 


52.2 


1,349 


2,500 


3,003 


5,503 


29.2 


50.8 


760 


1,405 


4,010 


5,415 


28.8 


51.2 


590 


1,090 


4,155 


5,245 


27.8 


52.2 


773 


1,427 


4,155 


5,582 


29.7 


50.3 


1,349 


2,500 


2,177 


4,677 


24.8 


55.2 


170 


314 


3,250 


3,554 


18.8 


61.2 


406 


750 


2,490 


3,240 


17.2 


62.8 


79Q 


1,477 


1,273 


2,750 


14.6 


65.4 


917 


1,693 


1,864 


3,557 


18.9 


61.1 


786 


1,450 


2,270 


3,720 


19.8 


60.2 


1,009 


1,865 


2,555 


4,420 


23.5 


56.5 


1,048 


1,940 


2,360 


4,300 


22.8 


57.2 


2,135 


3,950 


1,150 


5,100 


27.1 


52.8 


2,487 


4,600 


720 


5,320 


28.2 


51.8 


3,195 


5,900 


1,115 


7,015 


37.3 


42.7 



The curve just mentioned is shown in Fig. 29 by a dash-dot 
symbol; it does not show the intimate relation to the thermograph 
record that was expected and, in the absence of further experiments, 
the writer can make no satisfactory explanation of the disagreement. 
Much confidence is, however, expressed for the results of the 
readings on column 13 and the deductions already given. If the 
principle illustrated in Fig. 30 represents existing conditions 
properly then the Column 12 must have a range of stress of at least 
22,000 pounds per square inch. It must be explained here that 
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the writer has been handicapped for time on this work; all of the 
investigation results, formulae, tables, experiments and in short 
this entire manuscript has been prepared since Jan. i , 191 1 . (Many 
preliminary studies, theoretical methods and attempted solutions 
were undertaken during the previous year, extending intermittently 
from September, 1909, until the date of starting this manuscript.) 
In conclusion, these experiments surely indicate that a most 
complete and extensive series of experiments are of the highest 
importance and that information on the temperature stresses in 
tall buildings is of much greater importance than are investigations 
of the effect of wind pressure on such structures. Experiments for 
securing this information must be on a very elaborate scale and cover 
a period of one year to determine the general effect of seasonal 
changes: it is not believed, judging from Fig. 29, that a change in 
the season will produce, of itself, any effect, but rather that the 
temporary changes of temperature of several days* duration 
account for most of the stress produced. 






CHAPTER XVI. 

CONCLUSIONS. 

All references in this chapter are to be understood as applying 
to a portal braced structure. 

A . The Practical Value of a Correct Theoretical Analysis 

OF THE Stresses in Tall Buildings. 

Referring to the plates of Chapter III and the applications in 
succeeding chapters it will be seen that, for the ordinary tall 
building, the accurate solution of stresses involves considerable 
labor and the time required for computing stresses, to say nothing 
of revisions after the original computations on account of revised 
design, makes the accurate solution of such stresses of an entirely 
impractical nature. The writer does not believe there is any 
shorter cut possible for the accurate determination of stresses. It is 
then concluded that it is impracticable to design a high building by 
any correct theoretical method but that, from the application of 
the method of Chapter III to various types of structures under 
various loadings, empirical rules can be deduced, which, when 
applied to similar cases, will give quick and closely approximate 
results. It is suggested that such a large work might be syste- 
matically divided up and be undertaken as undergraduate theses 
in technical schools and universities. 

B. A Summary of the Effect of Wind on a Structure. 

(a) Wind Loads, — It has been claimed that pressures from 60 to 
85 pounds per square foot may exist during a tornado (Baier on 
St. Louis tornado) and, while even a 30 pound per square foot pres- 
sure seems to be equivalent to a wind higher than recorded by 
the U. S. Weather Bureau, yet it is probable that a unit pressure 
of 30 pounds will continue to be provided for in designs, at least 
until more accurate and direct data for tornado pressures is ob- 
tainable. It is believed that, with the common working units for 
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a 30 pound pressure, the indefinite higher pressures possible will be 
taken care of. 

(6) The Value of the Simple Method of Chapter II for designing 
for Wind Pressure. — For column shears, column bending moments, 
and girder stresses the method of Chapter II is all that can be desired 
for all stories above the basement, agreements closer than 10 per 
cent being the rule. In the basement story the method of Chapter 
II gives column bending moments too low, possibly as much as 
50 per cent. For single story portals this discrepancy is not very 
noticeable and it is larger when the girders are lacking in rigidity, 
i, e., of small moment of inertia. 

' For axial column stresses, the assumption that the building acts 
like a beam is undoubtedly incorrect, but the writer can suggest 
no better substitute. A very extensive study will be required to 
determine the laws of variation of the axial stresses. For a two 
column cross section the agreement is very close but the double 
portal calculations of Chapter XI show that the method fails for 
the general case. 

For building deflections the method of Chapter II always gives 
too small results and as shown in Chapter X the ratio may be as 
small as I : 3.08. 

(c) Suggestions, — The writer would suggest that the method of 
Chapter II be adopted entirely for the calculations of stresses due 
to wind; that the bending stresses in basement columns be then 
increased 25 per cent, all other stresses to remain as thus calculated. 

C. A Summary of the Effect of Eccentric Column Loads 

ON A Structure. 

(a) The Value of the Method of Chapter II in Providing for These 
Loads. — It has been shown in Chapter IX that this method gives 
axial column stresses nearly correct for a two column cross section. 
In Chapter II it was shown that it is not reasonable that the 
method applies when there are more than two columns in a section. 
It was also shown in Chapter II that this method gives zero bending 
moments in the columns for such loadings. It is then concluded 
that the method of Chapter II should not be used in providing for 
eccentric column loads. 
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(b) The Value of Professor Heller's Deductions on Eccentric Column 
Loadings. — Professor Heller's methods give, as shown in Chapter 
IV, a maximum column moment occurring at the top of the structure 
equal to Pe and at the floors a few stories above the basement and 
below the roof, a nearly constant maximum of about | Pe (see Fig. 

7. *)• 

In Chapter IX it was found that the maximum moment in 

Column -4 (— 247,049) occurred in the second or middle story and 
was equal to 0.98 Pe\ the maximum moment in Column B 
(+ 174,108) occurred also in the second story and was equal to 
1.24 Pe, At the roof with a zero eccentric load at Column B there 
was found a bending moment of + 35,109 and, for column A, a 
moment of — 44*191 equal to 0.33 Pe. 

It is evident then that it is not safe practice to follow the con- 
clusions deduced in Chapter IV, which are identical with Professor 
Heller's. It is further showh that the value of the bending moment 
may materially exceed even the quantity Pe so commonly used by 
designers. Also it is shown that the bending moment is not a 
constant throughout the story height but reverses in sign, and at 
the foot of the column it may be a much larger quantity, of opposite 
sign, than the moment at the top of the column. 

(c) Suggestions for Design, Axial Column Stresses. — In the case 
of several columns in a cross section it is suggested that the axial 
load on the column, due to the eccentric load be taken as equal to 
the eccentric load plus the eccentricity divided by the span of the 
connecting floor girder times the eccentric load. This gives but 
very little of the load to interior columns, as seems reasonable in 
contra-distinction from the method of Chapter II. 

Column Bending Stresses. — It is suggested that a bending moment 
not less than Pe should be provided for, and, in combining with 
wind and floor load stresses, this bending should be considered as 
existing at both top and bottom of the story and of opposite signs 
at these points, realizing that the stresses thus obtained may 
occasionally be a little small but that, for the top and bottom 
portions of the structure, they are probably on the safe side. 

Girder Stresses, — If the girders are proportioned by the methods 
of Chapter II, considering that the stresses may be either plus or 
minus, the results will be sufficiently close (see Chapter IX). 
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Z>. A Summary of the Effect of Floor Loads on a Structure. 

(a) The Value of the Method of Chapter II for Designing for 
Floor Loads, Axial Column Stresses. — As shown in Chapter XI, 
errors in the axial stresses of the main columns, on the dangerous 
side, for a double portal, as high as 22 per cent may occur (cf. 
88,622 and 72,581). For a two column section the agreement is 
very close. It is not likely that errors as high as 22 per cent exist 
for a several column section of more than one story. 

Column Bending Stresses, — ^The method of Chapter II gives zero 
bending in the columns. Here is an enormous error in the prevailing 
method of designing tall buildings. 

Girder Stresses, — If flange sections are made uniform for the full 
length of the girder, then, as shown in Chapter VIII, the method 
of Chapter II is on the safe side in determining flange section. 

(b) Results Found in This Investigation. Column Bending, — ^The 
maximum bending in a column occurs at the top of the column in 
the basement; at the foot in the first, at the top in the second, etc., 
alternating thus to the roof line. 

It was shown in Chapter VIII that the unit stress in the column 
due to bending from uniform floor loads may be nearly four times 
that due to the axial load (cf, 6,415 and 1,725; also 4,865 and 1,322). 
In the case of similar girders and floor loadings the maximum 
bending moments are about the same throughout the height of the 
building. 

The value of the maximum bending in a column may be fairly 
averaged without very serious error in ordinary designs by the 
expression wL^/24. where w is the load per lineal inch of floor girder 
and L is the span, in inches, of the floor girder connecting to the 
column. In case it is an interior column the moment will be 
expressed as wL^/24. — w^V^/24. where a prime designates the 
quantities for the extra span. 

In designing the girders the flanges should be designed to properly 
transmit the stresses occurring at their connections to the columns. 
These stresses are fairly large. 

(c) Suggestions for Design. — Use the method of Chapter II for 
axial column stresses and for determining flange areas of girders. 
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Provide for a column bending moment of WLV24 as noted above, 
at both top and bottom of the column section in computing maxi- 
mum stresses from combined loads: these moments will be of 
opposite sign. 

Design girder connections to transmit flange stresses equal to 
three quarters of the maximum flange stress at the center of the 
girder as computed by the method of Chapter II. 

E. Maximum Effects of Combined Loadings. 

It was shown in Chapter IX that under combined loads the maxi- 
mum stresses in the extreme fibres of the columns and in the 
flanges of the girders will exceed those as found by the method of 
Chapter II by percentages increasing from the bottom to the top of 
the structure and it was found that these percentages reached as 
high as 100 per cent at the top of the building. 

F. The Value and Efficiency of Knee Bracing. 

In Chapter XII it has been shown: 

(a) That the unit stresses in knee braces can not be very large; 
say not over about 4,000 pounds per square inch, and that the 
customary design, in which a large unit stress is used, is widely in 
error. 

(&) That knee braces do not appreciably diminish the maximum 
bending in the column unless placed at both top and bottom. 

{c) That there can be no reversal in bending moment at the 
bottom of the girder, as has been assumed in mathematical dis- 
cussions of plate girder portal stresses. 

{d) That when knee braces are used, top and bottom, a con- 
siderable reduction in column bending moment can be effected. 

(e) That the size of the knees should first be assumed and the 
reduction in column bending moment then computed ; a few simple 
trials will give the most desirable brace to use. 

(/) That the simple approximate method given in the early part 
of Chapter XII is a practical and closely approximate one and is 
recommended to the profession. 

{g) That the assumption that the shears across the columns are 
proportional to the moments of inertia of the columns is close 
enough for all practical purposes for knee braced portals. 
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G. Experimental Conclusions (Chapter XV). 

Effect of Wind, (a) Deflection and Vibration, — It is concluded 
that, when proper account is taken of the velocity and pressure of 
the wind, that vibrations and deflections, properly computed on 
the basis of the steel frame resisting all the pressure, will be only 
slightly in excess of those actually existing. It was shown that the 
walls and partitions probably reduce the deflection of the seventeen 
story structure tested only about 40 per cent. 

(b) Column Stresses. — It was found that the wind had no notice- 
able effect whatever on the basement columns at the points tested. 
However the extensometers were necessarily located in a most 
unfavorable position. for observations for wind stresses. 

It was shown that the sections in the front and rear walls, so 
much more rigidly braced, probably take care of almost the entire 
wind pressure, because of the partial inability of the interior bracing 
to properly transmit the bending moments at connections. 

Effect of Temperature, — It was found that in five days time there 
was a range of stress of over 6,000 pounds per square inch and in 
the course of the two months experiments a total range of probably 
over 8,000 pounds per square inch in the column unit stress. It was 
shown that in all probability these variations of stress were produced 
by gradual changes of temperature, but that they are probably 
independent of seasonal changes, indications point to a range of 
22,000 pounds per square inch in an interior column (column 12) 
but no tests were secured to verify it. 
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